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INTRODUCTION 


In this 368-page data book, Texas Instruments is pleased to present important technical information on a broad line 
of Linear Control Integrated Circuits. 


You will find complete specifications on Tl’s TL series and second source Linear Control circuits including opera- 
tional amplifiers, comparators, voltage regulators, analogue switches and special functions. 


The functional indexes, selection guides and cross-references are designed for ease of circuit selection, whilst the 
alphanumeric index will enable you to locate specific type numbers quickly. 


A military products section covers process screening requirements for JAN, JAN-processed, 883 Class B, and 
standard products. Test conditions and environmental levels are detailed for the product categories... 


‘Although this volume offers design and specification data only for Linear Control Integrated Circuits, complete 
technical data for any Tl semiconductor/component product is available from your nearest TI field sales office or 
local authorized ‘TI distributor. 
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CROSS-REFERENCE 
Old T! Type Numbers to New TI! Type Numbers 


OLD NUMBER NEW NUMBER OLD NUMBER NEW NUMBER 
SN52L022 TLO22M SN72088* TLosgct 
SN52L044 TLO44M SN72301A LM301A 
SN52101A LM101A SN72304 LM304 
SN52104 LM104 SN72305 LM305 
SN52105 LM105 SN72305A LM305A 
SN52106 LM106 SN72306 LM306 
SN52107 M107 SN72307 LM307 
SN52108* TLO8imMt SN72308* TLos1ct 
SN52108A* TL801mt SN72308A* TLo81ct 
SN52109 LM109 SN72309 LM309 
SN52110* SN72310* 

SN52111 LM111 SN72311 LM311 
SN52118 LM118 SN72318 LM318 
SN52506 TL506M SN72376 LM376 
SN52510 TL510M SN72440 TL440C 
SN52514 TL514M SN72506 TL506C 
SN52555 SE555 SN72510 TL510C 
SN52558 MC1558 SN72514 TL514C 
SN52660* TLosit SN72555 NE555 
SN52702 TL702M SN72558 MC1458 
SN52702A uA702M SN72560 TL560C 
SN52709 uA709M SN72660* TLos1ct 
SN52709A uA709AM SN72702 TL702C 
SN52710 TL710M SN72709 uA709C 
SN52711 uA711M SN72710 TL710C 
SN52723 uA723M SN72711 uA711C 
SN52733 uA733M SN72720 TL720C 
SN52741 uA741M SN72723 uA723C 
SN52747 uA747M SN72733 uA733C 
SN52748 uA748M SN72741 uA741C 
SN52770* TLosimt SN72747 uA747C 
SN52771* TLOsiMt SN72748 uA748C 
SN52777 uA777M SN72770* TLo81ct 
SN52810 TL810M SN72771* TLosicT 
SN52811 TL811M SN72777 uA777C 
SN52820 TL820M SN72810 TL810C 
SN5510* SN72811 TL811C 
SN5511* SN72820 TL820C 
SN5512* SN7510* 

SN5514* SN7511* 

SN56502 TL441M SN7512* 

SN56514* SN7514* 

SN62088* TLosgit SN76502 TL441C 
SN72L022 TLO22C SN76514* 

SN72L044 TLO44C 


*Not recommended for new design. 


T Recommended as replacement 


FUNCTIONAL INDEX 


OPERATIONAL AMPLIFIERS 


OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE 
0°C to 70°C TYPES 


= 


General-Purpose 
Operational 
Amplifiers 


LF356 
LF356A 


JFET-Input 
Operational 
Amplifiers 


LF357 
LF357A 
TLO81AC* 
TLO81C* 


LF2255 
LF2355 
LF2355A 
LF2156 
LF2156A 


LF2356 
LF2356A 


*Future product, to be announced. 
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FUNCTIONAL INDEX 


OPERATIONAL AMPLIFIERS 
cic ans LM118 JG,L,U 
= [=| || las 
LM318 JG,L,P,U 
LM101A J, JG, L, U 
LM201A 
LM301A 


J, JG,L,N,P,U 
J, JG, L,N,?,U 
uA777M 


High-Performance J, JG,L,N,P,U 


Operational Amplifiers 


J, JG, L,N,P,U 
TLO22M 


Low-Power 
Operational Amplifiers 


Chopper-Stabilized 
Operational Amplifiers 


J, JG, L,U 
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FUNCTIONAL INDEX 


DIFFERENTIAL COMPARATORS 
FUNCTION OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE 


TL710M J, JG,L,U 
TL710C J, JG, L,N,P,U 


TL810M J, JG, L,U 
TL810C J,JG,L,N,P,U 


Differential 
Comparators 


J, JG, L,N,P,U 


LM106 
LM206 
LM306 J, JG, L,N,P,U 


LM111 J, JG, L, U 157 
LM311 J, JG, L, N, P, U 


Differential 


> 
= 


Comparators TL510M J, JG, L, U 179 
with Strobes TL510C J, JG, L,N,P, U 
TL506M J,W 
173 
TLS506C J,N,W 
TL514M J 
TL514C J, N 
uA711 J,t, U 
. : 207 
Dual-Channel Differential uA711C J,L,N,U 
Comparators with Strobes TL811M J,L,U 
TL811C J,L,N,U 


SRR ee rea RS AI TSI a I a ES 
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FUNCTIONAL INDEX 


VOLTAGE REGULATORS 


OPERATING VIRTUAL-JUNCTION 
FUNCTION TEMPERATURE RANGE 


—55°C to 150°C —25°C to 125°C 0°C to 125°C 


LM117* KA 
.M217* KA, KC p= 
LM317* KA, KC 
uA78LO02C JG, LP 
LA 
LM209 LA 
LM309 LA 
KA 
vrs | anne _| 
uA78LO05C JG, LP 
LA 
KA 
LA 
uA7BLO6C JG, LP 
KA 
uA7BLO8C JG, LP 
LA 
eee ee 
KA 
cee 
KA, KA 
uA78L12C JG, LP 
ewminc | cue | | 
LA 
[ swrome | rocoe |_| 
KA 
| snroc | anno | | 
uA7BL15C JG, LP 
jemrane | eu | AS 
LA 
KA 
Lt 


A 
KA 
vA7824C KA, KC 
A 
uA7BM24C KC, KD, LA 


Adjustable Positive-Voltage 
Regulators 


LM109 
uA7805M 
5 Volts 
vA78M05M 


6 Volts 


uA7808M 
8 Volts 
uA78M08M 


uA7885M 
8.5 Volts 


uA78M06M 


Positive Fixed-Voltage 


Regulators 


x 
b 

x 

oO 


uA7812M 


12 Volts 


uvA78M12M 


uA7815M 
15 Voits 
uA78M15M 
uA7818M 
18 Volts 
uA78M20M 
20 Voits 


uA7824M 
24 Vol 
Yon vA78M24M 


*Future product, to be announced. 
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FUNCTIONAL INDEX 


VOLTAGE REGULATORS 


OPERATING VIRTUAL-JUNCTION 
PACKAGE 
FUNCTION TEMPERATURE RANGE TYPES 
—55°C to 150°C 0°C to 125°C 


uA7905M KA 271 
uA7905C KA, KC 
5 Volts 
uA79M05M LA 281 
uA79MO5C KC, KD, LA 
uA7906M 
6 Volts : 
uA79M06M 


KA 
271 
uA7906C KA, KC 
LA 
uA7908M 
8 Volts 


uA7912M 
uA79M12M 
uA7915M 
uA79M15M 
uA7918M 
18 Volts 
uA79M20M 
20 Volts 
uA7924M 
24 Volts 


uA79M24M 


Negative Fixed-Voltage 
~{ 12 Volts 
Regutators 


Cc 
> 
~J 
© 
NO 
re) 
x 
PR 
x 
re) 
NO 
= 


L 
K 
271 
L 
281 
uA79M15C KC, KD, LA 
uA7918C 


A 
A 
A 
281 
uA79M12C KC, KD,LA 
A 
A 


15 Volts 


c 

> 
Sy 
N 
4 
a 


OPERATING FREE-AIR TEMPERATURE RANGE 


| =S5°Cto125°C | -25°C to asc | O°C to 70°C 


uA723M 
uA723C 


FUNCTION 


Precision Voltage Regulators 


Positive-Voltage Regulators 
LM305A 
LM376 


TL497M J 
TL4971 J,N 
TL497C, 


Negative-Voltage Regulators 


Shunt Regulator 


Switching Voltage Regulators 
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FUNCTIONAL INDEX 


SPECIAL FUNCTIONS 


OPERATING FREE-AIR TEMPERATURE RANGE 


i i 
25°C to 85°C 0°C to 70°C 
TL610M 
SPST TL6101 JG,P 
TL610C JG, P 


TL1i82M L 
TL1821 L,N 305 
TL182C L,N 
Dual SPST 
TL604M 
TL6041 


TL604C JG,P 
TL188M 
TL1881 
TL601M 
SPDT TL601} 
TL607M 
TL607! 
TL191M 
Dual SPOT TLIO 


TL185M 
Dual OPST TL185I 


O« 
~ @) 
me] 
ie) 
B 


TL188C L,N 


JG 

JG, P 

TL601C JG, P 
JG 

JG,P 

TL607C JG, P 
J 

J,N 

TL191C J,N 


Analog Switches 


+ 
re 
as 
rove) 
a 
ie) 
Se 
a “4 
Z2z2 
a 


Precision Level Detector 


ak TL441M 
Logarithmic Amplifiers 
Differential Video Amplifiers uA733M 
with Gain Select 


Analog Processor ates 
Digital Panel Meter Logic Control Device eee 


*Future product, to be announced. 


TL441C 


uA733C 
TLS500C* 
TL502C* 


ET ETL TT IE EE DE TTL IEE ESSE LEAN ELLE LITE, LSE NL ELE IO COO LEDGE NITES TIAA SCOT IO PN ATE I SY TS RA CT AT Tem prereset) 
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INTERCHANGEABILITY GUIDE 
(ALPHABETICALLY BY MANUFACTURERS) 


Direct replacements were based on simitarity of electrical and mechanical characteristics as shown in currently 
published data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 


Several of the popular Linear Interface circuits, not included in this book, are included in the interchangeability guides 
for your reference. 


Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No 
liability is assumed for damages resulting from the use of the information contained in this list. 


FAIRCHILD ORDER INFORMATION 
EXAMPLE OF ORDER CODE: 


XXX D Cc 
Package Type Temperature Range 


D = C-DIP 
F = FLAT PACK 
P = PLASTIC DIP 
T = MINi DIP 

H = METAL CAN 


C = Commercial/tnductriat Consumer M = Mititary 
0°C to 70°C or 75°C —55°C to 125°C 
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FAIRCHILD Ti DIRECT TI CLOSEST FAIRCHILD Tl DIRECT Ti CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

HATOTA LM101A A747 uA747 
uA104 LM104 uA748 uA748 
A105 LM105 yA776 uA777 
uA107 LM107 uAT77 UATTI7 
yA109 LM109 8T13 SN55121 
uAtt LM111 8T14 SN55122 
pA139 LM139 8T23 SN75123 
pA201A LM201A 8T24 SN75124 
A204 LM204 1458 MC1458 
A205 LM205 1558 MC1558 
“A207 LM207 7524 SN7524 
A209 LM209 7525 SN7525 
pA301A LM3014 uA7805 uA7805 
A304 LM304 uA7806 uA7806 
A305 LM305 2 A7808 uA7808 
pA305A LM305A yA7812 uA7812 
A307 LM307 uA7815 uA7815 
uA309 LM309 uA7818 uA7818 
pA3t1 LM311 uA7824 uA7824 
uA376 LM376 yA78L05 uA78LO5 
A555 SE555 pA78L06 uA78L06 
A702 uA702 uA78LO8 uA78L08 
“A709 uA709 uA7BL12 uA7BL12 
nAT09A uATOSA pA78L15 uA78L15 
uA710 uA710 wA7BL26 uA78L26 
wAT14 uATH1 HATBLOSA uA7BLO5SA 
wA715 LM118 uATBLOGA uA7BLOGA 
uA723 vA723 pATBLO8A uA78LO8A 
pA733 uA733 wATBLI2A UA7BL12A 
A734 LM1414 uATBLI5A UA7BL15A 
A741 uATA1 HA78L26A uA78L26A 
A742 TL440 uA78M05 uA78MO05 


FAIRCHILD Tt DIRECT 
REPLACEMENT 

uA78BMO06 uA78M06 
LAT8MO8 uA78M08 
uATEMt2 uA78M12 
BATBM15 uA78M15 
BpAT8M20 uA78M20 
uLATBM24 uA78M24 
BA7T905 uA7905 
uA7906 uA7906 
pA7908 uA7908 
uATII2 uA7912 
BhAT915 uA7915 
uLAT924 uA7924 
vwA7SM05 uA79M05 
uA79M06 uA7SM06 
un A79M08 uA793M08 
MATOM1I2 uA79M12 
KATSMIS uA79M15 
LATSM20 uA79M20 
HATSM24 uA79M24 
9614 SN75114 
96T5 SN75115 
9616 


EXAMPLE OF ORDER CODE: 


Mc 


MOTOROLA TEDIRECT 
REPLACEMENT 
MLM101A LM101A 
MLM107 LM107 
MLM109 LM109 
MEM111 LM111 
MLM201A LM201A 
MLM207 LM207 
MLM209 M209 
MLM211 LM211 
MLM301A LM301A 
MLM304 LM304 
MLM305 LM305 
MLM307 LM307 
MLM309 LM309 
MLM311 LM311 
MC1414 TLS14 
MC1420 
MC1430 
MC1431 


Tt CLOSEST 
REPLACEMENT 


FAIRCHILD 


9617 


9627 
55107 
55108 
55109 
55110 
75325 
75450 
75451 
75452 
75453 
75454 
75460 
75461 
75462 
75463 
75491 
75492 

SN75150 

SN75188 


MOTOROLA ORDER INFORMATION 


MXX 


Different Numbers 
Are Used For Variations 
in Operating Temperatures 


Ti CLOSEST 
REPLACEMENT 


MOTOROLA 


MC 1439 
MC1455 
MC1458 
MC1460 
MC1461 
MC1463 
MC1466 
MC1469 
MC 1510 
MC1514 
MC1520 
MC1530 
MC1531 
MC 1533 
uA733 MC 1539 
uA702 MC1555 
uA702 MC1558 


MC1433 


Ti OFRECT Ti CLOSEST 
REPLACEMENT REPLACEMENT 
SN75189 
SN75189A 
SN75152 
SN75154 
SN75152 
SN55107A4 
SN55108A 
SN55109 
SN55110 
SN75325 
SN75450 
SN75451 
SN75452 
SN75453 
SN75454 
SN75460 
SN75461 
SN75462 
SN75463 
SN75491 
SN75492 
P 
F = Flat Package 
G = Metal Can 
t=C-DIP 
P = Plastic 
Ti DIRECT Tit CLOSEST 
REPLACEMENT REPLACEMENT 
LM301A 
LM301A 
NESS5 
MC1458 
uA723 
uA723 
vA723 
uA723 
uA723 
SN5510 
SN52514 
SN5511 
uA702 
uA702 
LMTOTA 
LM10tA 
SE555 
MC1558 
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MOTOROLA 


MC1560 
MC1561 
MC1563 
MC1566 
MC1569 


MC1709 
MC1710 
MC1711 
MC1712 
MC1723 
MC1733 
MC1741 
MC1747 
MC1748 
MC3302P 


TI DIRECT 
REPLACEMENT 


uA709 
uA710 
uA711 

uA702 
uA723 
UA733 
uA741 

uA747 
uA748 
LM339 


EXAMPLE OF ORDER CODE: 


NATIONAL 


LF155 
LF155A 
LF255 
LF355 
LF355A 
LF2155 
LF2155A 
LF2156 
LF2156A 
LF2255 
LF2256 
LF2355 
LF2356 
LM101A 
LM102 
LM104 
LM105 
LM106 
LM107 
LM109 
LM110 
LMi11 
LM112 
LM117 
LM118 


LM 


LM, LH = Linear 
DM = Line Ckts 


TI DIRECT 
REPLACEMENT 

LF155 
LFI55A 
LF255 
LF355 
LF355A 
LF2155 
LF2155A 
LF2156 
LF2156A 
LF2255 
LF2256 
LF2355 
LF2356 
LM101A 
LM102 
LM104 
LM105 
LM106 
LM107 
LM109 
LM110 
LM111 
LM112 
LM117 
LM118 


Ti CLOSEST 
REPLACEMENT 
uA723 
uA723 
uA723 
uA723 
uA723 


NATIONAL ORDER INFORMATION 


Temperature Range 


1or7=55°C to 125°C 
3 or 8 = O°C to 70°C or 75°C 


TI CLOSEST 
REPLACEMENT 


MOTOROLA Ti DIRECT Ti CLOSEST 
REPLACEMENT REPLACEMENT 
MC3302 LM3302 
MC7705 uA78M05 
MC7706 uA78MO06 
MC7708 uA78M08 
MC7712 uA78M12 
MC7715 uA78M15 
MC7720 uA78M20 
MC7724 uA78M24 
MC7805 uA7805 
MC7806 uA7806 
MC7808 uA7808 
MC7812 uA7812 
MC7815 uA7815 
MC7818 uA7818 
MC7824 uA7824 
XXXX N 
D=C-DIP 
N = Plastic DIP 
F = Flat Pack 
H = Metal Can 
N = Mini-DIP 
NATIONAL Ti DIRECT Tt CLOSEST 
REPLACEMENT REPLACEMENT 
LM120-5 uA7905M 
LM120-6 uA7906M 
LM120-8 uA7908M 
LM120-12 uA7912M 
LM120-15 uA7915M 
LM1 20-24 uA7924M 
LM122 LM122 
LM1i23 LM123 
LM124 LM124 
LM139 LM139 
LM158 LM158 
LM193 LM193 
LM201A LM201A 
LM205 LM205 
LM206 LM206 
LM207 M207 
LM209 LM209 
LM211 LM211 
LM217 LM217 
LM218 LM218 
LM224 LM224 
LM239 LM239 
LM258 LM258 
LM293 LM293 
LM301A LM301A 


NATIONAL 


LM304 


LM305 
LM306 
LM307 
LM309 
LM311 
M317 
LM318 
LM320T-5 
LM320T-6 
LM320T-8 
LM320T-12 
LM320T-15 
LM320T-24 
LM324 
LM339 
LM340T-5 
LM340T-6 
LM340T-8 
LM340T-12 
LM340T-15 
LM3407-18 
LM340T-24 
LM341-5 
LM341-6 
LM341-8 
LM341-12 
LM341-15 
LM341-24 
LM358 
LM376 
LM393 
LM555M 
LM555C 
LM709 
LM709A 
LM709C 
LM710 


Ti DIRECT 


REPLACEMENT 


LM304 
LM305 
LM306 
LM307 
LM309 
LM311 
LM317 
LM318 
uA7905C 
uA7906C 
uA7908C 
uA7912C 
uA7915C 
uA7924C 
LM324 
LM339 
uA7805C 
uA7806C 
uA7808C 
uA7812C 
uA7815C 
uA7818C 
uA7824C 
uA78M05C 
uA78MO06C 
uA78M08C 
uA78M12C 
uA78M15C 
uA78M24C 
LM358 
LM376 
LM393 
SE555 
NE555 
uA709 
uA709A 
uA709C 
uA710 


Ti CLOSEST 


REPLACEMENT 


NATIONAL 


LM710C 
LM711 
LM711C 
LM723 
LM723C 
LM733 
LM733C 
LM741 
LM741C 
LM747 
LM747C 
LM748 
LM748C 
LM1414N 
LM1458 
LM1514 
LM1558 


LM2901 
LM2902 
LM2903 
LM2904 
LM3302 
LM3900 
LM3905 
LM5520 
LM5521 
LM5522 
LM5523 
LM5524 
LM5525 
LM5528 
LM5529 
LM78LO5C 
LM78LO08C 
LM78L12C 
LM78L15C 


Tt DIRECT 


REPLACEMENT 


uA710C 
uA711 
uA711C 
uA723 
uA723C 
vA733 
uA733C 
uA741 
uA741C 
uA747 
uA747C 
uA748 
uA748C 
TL514C 
SN72558 
TL514M 
MC1558 


LM2901 
LM2902 
LM2903 
LM2904 
LM3302 


SN5520 
SN5521 
SN5522 
SN5523 
SN5524 
SN5525 
SN5528 
SN5529 
uA78LO5C 
uA78LO8C 
vA78L12C 
uA78L15C 


TI CLOSEST 


REPLACEMENT 


TLO44 
NE555 
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EXAMPLE OF ORDER CODE: 


RAYTHEON 


LM101A 


LM106 
LM107 
LM109 
LM111 
LM118 
LM124 
LM139 
LM158 
LM201A 
LM206 
LM207 
LM209 
LM211 
LM218 
LM224 
LM239 
LM258 
LM301A 
LM304 
M305 
LM306 
LM307 
LM309 
LM311 
LM318 
LM324 
LM339 
LM358 
RC7805 
RC7806 
RC7808 
RC7812 


R 


RAYTHEON ORDER INFORMATION 


M XXX 


Temperature Range Type Number 
M = Military 
C = Consumer 


Ti DIRECT Ti CLOSEST RAYTHEON 
REPLACEMENT REPLACEMENT 
LM101A RC7815 
LM106 RC7818 
LM107 RC7824 
LM109 RC555 
LM111 RC702 
LM118 RC709 
LM124 RC710 
LM139 RC711 
LM158 RC723 
LM201A RC733 
LM206 RC741 
M207 RC747 
LM209 RC748 
LM211 RC1458 
LM218 RC3302 
LM224 RC4136 
LM239 RC4558 
LM258 
LM301A RC78XX 
LM304 RM555 
LM305 RM702 
LM306 RM709 
LM307 RM710 
LM309 RM711 
LM311 RM723 
M318 RM733 
LM324 RM741 
LM339 RM747 
LM358 RM748 
uA7805C RM1514 
uA7806C RM1558 
uA7808C RM4136 
uA7812C RM4558 


DC = C-DIP 
DP, ND = Plastic DIP 
Q, J = Flat Pack 

TO = Metal Can 


Ti DIRECT 


REPLACEMENT 


uA7815C 
uA7818C 
uA7824C 
NE555 
uA702C 
uA709C 
uA710C 
uA711C 
uA723C 
uA733C 
uA741C 
uA747C 
uA748C 
MC 1458 
LM3302 
RC4136 
RC4558 


uA7BXXC 
SE555 
uA702M 
uA709M 
uA710M 
uA711M 
uA723M 
uA733M 
uA741M 
uA747M 
uA748M 
TLS514M 
MC1558 
RM4136 
RM4558 


Ti CLOSEST 
REPLACEMENT 


SIGNETICS ORDER INFORMATION 


EXAMPLE OF ORDER CODE: 


NE XXXX B 
[Temperature Range _] [Tybe Number] 
SE = —55°C to 125°C A,B,N, V = Plastic DIP 
Q, W = Flat Pack 
SIGNETICS Ti DIRECT TI CLOSEST SIGNETICS Ti DIRECT TI CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 
LM101A LM101A NE78L06 uA78LO6C 
LM107 LM107 NE78LO08 uA78LO8C 
LM109 LM109 NE78L12 uA78L12C 
LM111 LM111 NE78L15 uA78L15C 
LM124 LM124 NE78M05 uA78MO05C 
LM139 LM139 NE78M20 uA78M20C 
LM201A LM201A NE78M24 uA78M24C 
LM207 LM207 SE532 LM158 
LM209 LM209 SE555 SE555 
LM211 LM211 $E5733 uA733M 
LM224 LM224 SE7805 uA7805M 
LM239 LM239 SE7806 uA7806M 
LM301A LM301A SE7808 uA7808M 
LM307 LM307 SE7812 uA7812M 
LM309 LM309 SE7815 uA7815M 
LM311 LM311 SE7824 uA7824M 
LM324 LM324 SE78M05 uA78M05M 
LM339 LM339 uA709 uA709 
NE532 LM358 uA709A uA709A 
NE555 NE555 uA710 uA710M 
NE5733 uA733C uA710C uA710C 
NE7805 uA7805C uA7/11 uA711M 
NE7806 uA7806C uA711C uA711C 
NE7808 uA7808C uA723 uA723M 
NE7812 uA7812C uA741 uA741M 
NE7815 uA7815C uA741C uA741C 
NE7824 UA7824C uA747C uA747C 
NE78LO05 uA78L05C uA748 uA748M 
uA748C uA748C 
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Thermal Information 
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THERMAL INFORMATION 


JUNCTION-TO-CASE 


THERMAL RESISTANCES FOR LINEAR INTEGRATED CIRCUITS 
JUNCTION-TO-AMBIENT 
THERMAL RESISTANCE THERMAL RESISTANCE 


PACKAGE 
: Reyc (CW) Roya (°C/W) 


. ae 14 56 122 
J ceramic dual-in-line 
16 60 116 
: oe 14 2st git 
J ceramic dual-in-linet 
16 29t gst 


; 14 45 108 

N plastic dual-in-line 
16 42 102 
| 10,14 185 


U ceramic flat 


W ceramic flat 


T These ratings apply only for devices having a type number prefix of “SNC” or “SNM”, or a suffix of ''/883.” 
For thermal resistances of KA, KC, and KD power packages, see individual product data sheets. 


J PACKAGES JG L PACKAGES LA LP 
PACKAGE PACKAGE PACKAGE 


U PACKAGES W PACKAGES 


PACKAGE 


mS 
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THERMAL INFORMATION 


CERAMIC DUAL-IN-LINE PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 


SCOOT oo 
CANCE 
COSC 
PROCS 
PASSES 
ERSALDS CC 
CTESSENSN DRT 
CCCCEPSNSANSST 
CTCCCCTP SSS 
COCO PSS 
COOOL 
CCEA SSS 
COC 
CCCP 


125 
Ta—Free-Air Temperature—°C 


1400 


1300 


1200 


1100 


1000 


900 


800 


700 


600 


500 


Maximum Continuous Dissipation—mW 


400 


300 


200 


2 


tThe dashed lines apply only for devices having a type number prefix of “SNC” or “SNM”, or a suffix of ‘’/833.” 
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THERMAL INFORMATION 


AXIAL-LEAD PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 


SST 
ASU 
SUN 
TELPASS ONSET 
ULLAL 
TCI 
LTTE ASS 
UTE TEE 


25 50 75 100 125 
Ta—Free-Air Temperature—°C 


800 


700 


J 


600 


500 


400 


300 


MaximumContinuous Dissipation—mW 


200 


100 


tThis rating for the L package requires a heat sink that provides a thermal resistance from case to free-air, Reca,. of not more than 105°C/W. 


TEXAS INSTRUMENTS 


30 


THERMAL INFORMATION 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature 


PLASTIC DUAL-IN-LINE PACKAGES 


at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


Maximum Continuous Dissipation—mW 


DISSIPATION DERATING CURVE 


ST 
ASCH EHEAERRERHO 
NON TCo 
TSN CC 
TONNE 
COON 
COTE NST 
COO PSN 
COS 
CCC SS 
CO 
CCA 


Ta—Free-Air Temperature—° C 


1200 


1100 


1000 


900 


800 


700 


600 


500 


400 


300 


200 


100 


2 5 
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THERMAL INFORMAT 


ION 


FLAT PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


Maximum Continuous Dissipation—mW 


DISSIPATION DERATING CURVE 


NUTT 
ae 
LENT 
LINE 
SNELL NTT TT 
UP NUTTIN TTT 
TTS NTT 
ELEN 
TTT TENT 
HUET INN 
{HA 


Ta—Free-Air Temperature—°C 


1000 


900 


800 


700 


600 


500 


400 


300 


200 
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Ordering Instructions 
and 
Mechanical Data 
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LINEAR CIRCUITS 


ORDERING INSTRUCTIONS AND MECHANICAL DATA 


ORDERING INSTRUCTIONS | 
listed in the 
enoted by an 


anical outline 


Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s} 


page heading regardless of package. The availability of a circuit function in a Particular package is d 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mech 


ude a five-part type number as explained in the 


drawing shown in this section. 


Factory orders for cirucits described in this data book should incl 
JG 883C 


022M 


following example. 
TL 


EXAMPLE: 
MUST CONTAIN TWO OR THREE LETTERS 
Tl Linear Control Products 


MUST CONTAIN TWO NUMBERS 
(From Dash No. Column of Following Table) 


ORDER 
INSULATOR | DASH 


TL 
SN TI Interface Products 
SNM Mach IV, Level | 
SNC Mach IV, Level tI! 
STANDARD SECOND-SOURCE PREFIXES 
LF or LM National MC Motorola 
Signetics uA Fairchild 


NE or SE 


RMor RC Raytheon 
2. Unique Circuit Designator 
Including Temperature Range 
MUST CONTAIN THREE TO SEVEN CHARACTERS 


(From Individual Data Sheets) 


Examples: 022M 1414 
101A 754508 
107 78LO5AC 


CERAMIC FLAT PACKAGES 
| UW | No [No | © | 
Pu.w | ve [Ne | 10] 

PLUG-IN PACKAGES 
=< 
[0 


3. Package 
MUST CONTAIN ONE OR TWO LETTERS 


J, JG, KA, KC, KD, L, LA, LP, ND, P, U, or W 
(From Pin-Connection Diagram on Individual Data Sheet) 


4. MIL-STD-883B or C 
Method 5004, Class BorC 
NOT USED WITH PART NUMBERS HAVING AN SN PREFIX 
Circuits are shipped in one of the carriers shown below. Unless a specific method of shipment is specified by the 
Plug-In (L, LA, LP) 


—Sectioned Cardboard Box 


—Individual Cardboard Box 


customer (with possible additional costs), circuits will be shipped in the most practical carrier. 
Dual-In-Line (J, JG, N, ND, P) 
—Barnes Carrier 


Flat (U, W) 
—Barnes Carrier —Slide Magazines 
—Milton Ross Carrier —A-Channel Plastic Tubing 
—Barnes Carrier 
—Sectioned Cardboard Box 
—Individual Plastic Box 


LS SS SSS stl anc SnNunesssesanees 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


J ceramic dual-in-line package (inch dimensions, see page 46 for metric dimensions) 


These hermetically sealed dual-in-line packages consist of a ceramic, ceramic cap, and a 14-or 16-lead frame. The circuit 
bar is alloy-mounted to the base and hermetic sealing is accomplished with glass. The packages are intended for 
insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed and inserted, sufficient tension is 
provided to secure the package in the board during soldering. Tin-plated (‘bright-dipped’’) leads (—00) require no 
additonal cleaning or processing when used in soldered assembly. 


14-PIN J CERAMIC 16- PIN J CERAMIC 


(INCH) (INCH) 


0,785 0,785 _ 
0.756 . 0.755 


Groeten ©®OOOO® Soouoee 


0.025 R NOM 0.025 R NOM 


O@DOOOOO ODOOOOO® 


0.070 MAX 16 PLACES 
0.070 MAX 14PLACES 


om GLASS 
0.200 SEALANT 
max mi - SEATING PLANE 


SEATING PLANE ~~~ a 0.030 MIN 
106 0.020 0.030 MIN 12 PLACES 
90 a8 MIN 14 PLACES IBPLACES gle om! 
74 PLACES 14 0,014 0,023 
wil 0 008 100 >| be 2.923 14 pLaces 0.008 Main a.o15 6 PLACES + 
70 0.015 16 PLACES iN 9.012 MIN 
14 PLACES 0.130 0.0 
IN 4PLACES 4 PLACES 


PIN SPACING 0,100 TP. 
(See Note a) 


MIN 


0,059 
PIN SPACING 0.100 T.P. pois 4 PLACES 
(See Note a} 


Falls Within JEOEC TO-116 and 
MO-001 AA Dimensions 


NOTES: a. Each pin center line is located within 0.010 of 
its true fongitudinal position. 
b. All dimensions are in inches unless otherwise 


noted. 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


JG ceramic dual-in-line package (inch dimensions, see page 47 for metric dimensions) 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. The package is 
intended for insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed and inserted 


sufficient tension is provided to secure the package in the board during soldering. Tin-plated (bright-dipped”’) lead 
require no additional cleaning or processing when used in soldered assembly. 


' 


$s 


8-PIN JG CERAMIC 
(INCH) 


9.409 
0.355 


NOTES: a, Each center line is located within 0.010 of its 
O©O® 


true longitudinal position. 
0.025 R NOM . All dimensions are in inches unless otherwise 
noted. 


q 


q 
0.310 
oat OOOO 
9.280 
0.245 
0.070 MAX 8 PLACES 
0.050 NOM 
oy as GLASS 
0.200 SEALANT 
MAX 4 
- SEATING PLANE 
ale 0.030 MIN 
90 8 PLACES 


8 PLACES 0.014 
wit 0 008 0.065 {he 9.023 8 PLACES 
BPLACES 0,130 0.015 
MIN 4 PLACES 


PIN SPACING 0.100 TP 
(See Note a) 


KA (TO-3) package (inch dimensions, see page 47 for metric dimensions) 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
(INCH) 


1.573 MAX 
0.312 MIN 
ats 0.675 1.177 
f M ; . 
0.525 R MAX 0.250 ——— DIA 2 LEADS 


0.043 
0.038 
; £ 
1,050 MAX . 
DIA : 


0.188 R MAX . 
BOTH ENDS 0.135 MAX 
SEATING PLANE 


CASE TEMPERATURE 
MEASUREMENT POINT 


All dimensions are in inches 


a ee 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


KC (TO-220AB) package (inch dimensions, see page 48 for metric dimensions) 


THE CENTER TERMINAL 1S IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC TO-220AB DIMENSIONS 


0.032 + 0.003 
3 PLACES 


All dimensions are in inches 


NOTE: Notches may or may not be present. 


THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC TO-202AB DIMENSIONS 


(INCH) 


0.050 0.190 
CASE TEMPERATURE 0.060 MAX NOM 
MEASUREMENT POINT 0.050 
iG 050 MIN : - 


All dimensions are in inches 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


L and LA plug-in packages (inch dimensions, see page 49 for metric dimensions 


These hermetically sealed plug-in packages each consist of a welded metal base and cap with individual leads secured by 


an insulating glass sealant. The gold-plated leads (—00) require no additional cleaning or processing when used in 
soldered assembly. 


8-PIN L 
(INCH) 


10-PIN L 
(INCH) 


0 160 MAX DIA 


0 500 MIN 


All dimensions are in inches unless otherwise noted. All dimensions are in inches inless otherwise noted. 


Same as JEDEC TO-99 and 
MO-002AK except for 
diameter of standoff 


Same as JEDEC TO-100 and 
MO-OO6AD except for 
diameter of standoff 


3-PIN LA 
(INCH) 


0.500 MIN 
CASE TEMPERATURE oem 
MEASUREMENT POINT 


> f> 0.060 Max 3 LEADS 
s 
° 


EATING 
LANE 


Same as JEDEC TO-39 
except for reduced can height 


All dimensions are in inches unless otherwise noted. 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


LP silect plastic package (inch dimensions, see page 50 for metric dimensions) 


The silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 106B. 


(INCH) 


0.050 + 0.005 3 LEADS 
0.017 + 0.003 WIDE 
0.015 + 0.0005 THICK 


NOTES: A. Lead dimensions are not controlled in this area. 
B. Alt dimensions are in inches. 


P plastic dual-in-line package (inch dimensions, see page 50 for metric dimensions) 


This dual-in-line package consists of a circuit mounted on an 8-lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance characteristics 
remain stable when operated in high-humidity conditions. The package is intended for insertion in mounting-hole rows 
on 0.300-inch centers. Once the leads are compressed to 0.300-inch separation and inserted, sufficient tension is 
provided to secure the package in the board during soldering. Silver-plated leads require no additional cleaning or 
processing when used in soldered assembly. 


8-PIN P PLASTIC 
(INCH) 


0.400 MAX 


ORORORC) 


INDEX DOT 
NOTES: a. Each pin is within 0.005 radius 


c q of true position (T.P.) at the 


0.300 T.P. 
(See Note es) 


guage plane with maximum 

© ® ‘S) © material condition and = unit 
installed. 

b. Alf. dimensions are in inches 

unless otherwise noted. 


0.250 + 0.010 


0.070 MAX 8 PLACES 


0.200 MAX 


Degiieine PLANE 
GAUGE PLANE 9 yo ; 


2 (See Note a) MIN 


0.100 T.P. 
0.011 2 0.003 6 PLACES 


8 PLACES (See Note a) 


0.033 MIN 
8 PLACES 


0.018 2 0.003 
8 PLACES 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


N plastic dual-in-line package (inch dimensions, see page 51 for metric dimensions) 


@ 


These dual-in-line packages consist of a circuit mounted on a 14-or 16-lead frame and encapsulated within an 
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deformation 
and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are 
intended for insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Silver-plated leads (—O0) require no 
additional cleaning or processing when used in soldered assembly. 


14-PIN N PLASTIC 16-PIN N PLASTIC 
(INCH) (INCH) 


}=-——— -—- 0.870 MAX 


®Q©OQDOO 


0.093 R NOM - 
0.160 NOM 


OOO OO OO 


y > \* 0.070 MAX 16 PLACES 


o \ t 0.010 NOM t, o.o20min| |_| 
, 0.200 MAX 
aot, ve 
— SEATING PLANE ---—-_¥—— 
>| fe-0.070 MAX 14 PLACES > er 
Ale 16 PLACES 
= if 


: 90" 
j 16 PLACE: 
i] 0.010 NOM 0.020 MIN Selle 0.011 + 0.003 > t- 0.018 + 0.003 
, 0.200 MAX ’ 16 PLACES 0.125 MIN J | 16 PLACES 


he- 


9,096 
0.016 PIN SPACING 0.100 T.P, 


—— SEATING PLANE —— 
0.033 MIN 
0.125 MIN 14 PLACES 4 PLACES (See Note a) 


0.0n + 0.003 
14 PLACES 14 PLACES | 0.018 + 0.003 ALTERNATE SIDE VIEW 
0.325 14 PLACES Package configuration of —>| }e 0.070 MAX 16 PLACES 
7 oineis 20020 peaaenaetrtieg te Gepan ee ae 


alternative sideviews) is 0.020 MIN 
PIN SPACING 0.100 TP at the option of TI. 0.200 MAX 
{See Note a) 


4 PLACES 


12 PLACES 
0.125 MIN 
0.086 


0.015 PIN SPACING 0.100 T.P. 
4 PLACES (See Note a) 


16 PLACES 


Falls Within JEDEC TO-116 and 
MOQ.001AA Dimensions 


QUAD-IN-LINE LEAD CONFIGURATION 


iJ 


bes 


0.210 MAX 


. Each pin center line is located within 0.010 of 
its true longitudinal position. 
. All dimensions are in inches unless otherwise 


©OOOO@OOO 
OOOOOOO 


noted. 


SEATING 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


ND plastic package (inch dimensions, see page 52 for metric dimensions) 


This dual-in-line package consists of a circuit mounted onan 8-lead, 2-tab frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics remain stable when operated in high-humidity conditions. The package is intended for insertion in 
mounting rows on 0.300-inch centers. Once the leads are compressed to 0.300-inch separation and inserted, sufficient 
tension is provided to secure the package in the board during soldering. Pin positions 3, 4, 5, 10, 11, and 12 are 
occupied by two tabs which facilitate attachment of heat sinks. Silver-plated leads require no additional cleaning or 
processing when used in soldered assembly. 


ND PLASTIC 
(INCH) 


0.093 R NOM 


0.110 NOM 


0.070 MAX 
8 PLACES 


0.010 NOM 0.200 MAX 


0.020 aaa” 


SEATING PLANE 


0.040 MIN 
B® PLACES 


0.011 : 0.003 0.075 ] | 
10 PLACES 00 0.245: 010 0.018 + 0.003 


:0.020 
& PLACES 2 PLACES 8 PLACES 


0.100 T.P 
4 PLACES 


. Each pin (or tab) center line is located within 
0.005 of its true longitudinal position (T.P.) 

. All dimensions are in inches unless otherwise 
noted. 


QUAD-IN-LINE LEAD CONFIGURATION 


© 
® 


Ail dimensions are in inches 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


U ceramic flat packages (inch dimensions, see page 53 for metric dimensions) 


These flat packages consist of a ceramic base, ceramic cap, and 10- or 14-lead frame. Circuit bars are alloy-mounted. 
Hermetic sealing is accomplished with glass. Tin-plated leads require no additional cleaning or processing when used in 


soldered assembly. 


10-PIN U 


(INCH) 
MOOOOO PIN SPACING 


0.050 TP 
{See Note b) 


DATE CODE 


ALTERNATE 
INDEX POINTS 


Falls Within 
JEDEC MO-O04AE Dimensions 


NOTES: a. All dimensions are in inches. 


14-PIN U 
(INCH) 


OOMOOO®O 
et isteen) 


0.350 
-| |-- . DATE CODE 
300 


0.265 
0.236 


: 
ALTERNATE 
tNDEX POINTS 


—o}-- eed 14 LEADS 


v1) 
i 
fi pe 


. q 
See 

Cy 
360 


9. 
6.200 
0.019 


> bo Bote 4 LEADS 


Faiswithin =—§ OQODOOOO@ > 


JEDEC MO-004AA Dimensions 


b. Leads are within 0.005 radius of true position (TP) at maximum material condition. 
C. These dimensions determine a zone within which all body and lead irregularities lie. 
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LINEAR CIRCUITS 


ORDERING INSTRUCTIONS AND MECHANICAL DATA 


W ceramic flat packages (inch dimensions, see page 54 for metric dimensions) 


These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14- or 
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (‘‘bright-dipped”) leads (—O00) require no 


14-PIN W CERAMIC 
(INCH) 


OOOOOO® 


additional cleaning or processing when used in soldered assembly. 


0.006 
0.003 of be-el- 0.050 1 


14 LEADS | 32 PLACES 


BASE AND 
SEATING 
PLANE 


0.350 


Falls Within 
JEDEC MO-004AA Dimensions 


NOTES: 

a. All dimensions are in inches. 

b. Index point is provided on cap for 
terminal identification only. 
Leads are within 0.005 radius of 
true position (TP) at maximum 
material condition. 
This dimension determines a zone 
within which all body and lead 
irregularities lie. 


0.015 
14 LEADS 


0.025 


[* 0.010 
0.337 "1 a Laces 


Q@OOQOOO@ 


ome 


16 LEADS 


BASE ANO 


16-PIN W CERAMIC 
(INCH) 
OOOOOOOO 


14 PLACES 


0.019 
6.015 


SEATING PLANE 


16 LEADS 


0.300 
(See Note d) (See 
Note b) 
0.285 
0.247 


0,026 


eit ea diealing Paces 
OOOQOOOO® 


Falls Within 
JEDEC MO-004AG Dimensions 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


TYPICAL 
P.C. BOARD 
LAYOUT 


0.050 in (1.27 mm) 


0.100 in (2.54 mm) 
0.050 in (1.27 mm) 


© 
ose 
0.200 in 0.300 in 


~ (5,08 mm) iat DUA 


(7.62 mm) 


STD LEAD CIRCLE SPREAD LEAD 
FOR TO-99 PATTERN FOR 
TO-9 
(7.62 mm) (7.62 mm) ae 
STD MOUNTING STD MOUNTING 
PATTERN FOR PATTERN FOR 
8-PIN DIP 8-PIN DIP 
0.200-DIAMETER STANDARD 0.300-DIAMETER SPREAD 
LEAD CIRCLE FOR TO-99 LEAD CIRCLE FOR TO-99 


PRINTED CIRCUIT BOARD PATTERN THAT ALLOWS 
INTERCHANGEABILITY OF 8-PIN DUAL-IN-LINE 
PACKAGE WITH TO-99 PLUG-IN PACKAGE 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


J ceramic dual-in-line packages (metric dimensions, see page 36 for inch dimensions) 


T hese hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-or 16-lead frame. The 
circuit bar is alloy-mounted to the base and hermetic sealing is accomplished with glass. The packages are intended for 
insertion in mounting-hole rows on 7.62-mm centers. Once the leads are compressed and inserted, sufficient tension is 
provided to secure the package in the board during soldering. Tin-plated (‘’bright-dipped’’) leads (—O0) require no 
additional cleaning or processing when used in soldered assembly. 
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14-PIN J CERAMIC 
(METRIC) 


er 


q 3 


OD@OOOOOO 


16-PIN J CERAMIC 
(METRIC) 


we 
poe 


OMOODOO® 


1.77 MAX 16 PLACES 


1.77 MAX 14 PLACES 


GLASS 
SEALANT 


a rz 
r 1.27 NOM 


- SEATING PLANE 
- SEATING PLANE 195° 
i f 0.77 MIN fe prhcks 
1g. 14 PLACES 
14 PLACES 0.356 ~ es 2.358 
wit 0.206 ; | be oan BE a PLACES be 0.204 3.30 
14PLACES 3,30 7. . 16 PLACES MIN 0.304 MIN 
MIN 4 PLACES 4 PLACES 
PIN SPACING 2.64 TP. 
(See Note a} 
PIN SPACING 2.54 TP. 
(See Note a) 


Falls Within JEDEC TO-116 and 
MO-001 AA Dimensions 


. Each pin center fine is focated within 0.26 mm 
of its true longitudinal position. 

. All dimensions are in millimeters unless 
otherwise noted. These dimensions are for 
reference only. inch dimensions govern. 


TEXAS INSTRUMENTS 


LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


JG ceramic dual-in-line package (metric dimensions, see page 37 for inch dimensions) 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. The package is 
intended for insertion in mounting-hole rows on 7.62-mm centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads 
require no additional cleaning or processing when used in soldered assembly. 


8-PIN JG CERAMIC 
(METRIC) 


NOTES: a. Each center line is located within 0.26-mm of its 
true longitudinal position 
O64: NON . All dimensions are in millimeters unless other- 
wise noted. These dimensions are for reference 
only. Inch dimensions govern. 


O®DO® 


— 178 MAX 8 PLACES 


GLASS 
SEALANT 


- SEATING PLANE Say 0.76 MIN 


= Oe 8 PLACES 
BPLACES 4 0:36 ¥... NU Y ee 
0.20 55 eal ee Sap 8 PLACES 

BPLACES 3.30 5 


MIN 
a PEACES PIN SPACING 2.54 TP 


(See Note a) 


KA (TO-3) package (metric dimensions, see page 37 for inch dimensions) 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 


3 .95MAX 
7.92 MIN 
11.43 | 
13.34 R MAX 6.35 1.09 
= DIA2 LEADS 
see pag DIA? 
x cae v4 
22.23 = 
26.67 MAX MAX 5.72 
DIA 5.20 
i Seer 11.18 
4.78 RMAX a 
BOTH ENDS 3.43 MAX 
SEATING PLANE CASE TEMPERATURE 


MEASUREMENT POINT 


All dimensions are in millimeters 
These dimensions are for reference only. Inch dimensions govern. 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


KC (TO-220AB) package (metric dimensions, see page 38 for inch dimensions) 


THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC TO-220AB DIMENSIONS 


(METRIC) 
0.81 + 0.08 


3 PLACES 0.635 R NOM 
2 PLACES 


(SEE NOTE) 


2.93 
2.03 All dimensions are in millimeters. 


These dimensions are for reference only. Inch dimensions govern. 


NOTE: Notches may or may not be present. 


KD (TO-202AB) package (metric dimensions, see page 38 for inch dimensions) 


THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC TO-202A8 DIMENSIONS 


(METRIC) 


CASE TEMPERATURE 1.53 MAX 
MEASUREMENT POINT 
if 1.27 MIN 


1. Emitter 
2. Base 
3. Collector 


All dimensions are in millimeters 


These dimensions are for reference only. Inch dimensions govern. 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


L and LA plug-in packages (metric dimensions, see page 39 for inch dimensions) 


These hermetically sealed plug-in packages each consist of a welded metal base and cap with individual leads secured by 


an insulating glass sealant. The gold-plated leads (—00) require no additional cleaning or processing when used in 
soldered assembly. 


8-PIN L 
(METRIC) 


4.06 MAX DIA 


s| Pa 
SERIES 
, \ 
9 ce 9 ot 
5.0aTP —o * O7 
A ‘ ‘ 
A ‘ 


2.54 x 
45° TP 48° TP 


10-PIN L 
(METRIC) 


4.06 MAX DIA 


12.7 MIN 


All dimensions are in millimeters unless otherwise noted. 
These dimensions are for reference only. Inch dimensions govern, 


All dimensions are in millimeters unless otherwise noted. 
These dimensions are for reference only. Inch dimensions govern, 


Same as JEDEC TO-99 and 
MO-002AK except for 
diameter of standoff 


Same as JEDEC TO-100 and 
MO-OO6AD except for 
diameter of standoff 


3-PINLA 
(METRIC) 


12.7 MIN 
CASE TEMPERATURE ad 
MEASUREMENT POINT 


>| fe 1.52 MAX 3 LEADS 
s 


32 ona 


EATING 
PLANE 


Same as JEDEC TO-39 
except for reduced can height 


All dimensions are in millimeters unless otherwise noted. 
These dimensions are for reference only. !nch dimensions govern. 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


LP silect plastic package (metric dimensions, see page 40 for inch dimensions) 


The silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 106B. 


(METRIC) 


2.67 


1.27 + 0.13 3 LEADS 
0.43 + 0.08 WIDE 
0.38 + 0.014 THICK 


NOTES: A. Lead dimensionsare not controlled in this area. 
B. All dimensions are in millimeters. These 
dimensions are for reference only. Inch 


dimensions govern. 


P plastic dual-in-line package (metric dimensions, see page 40 for inch dimensions) 


This dual-in-line package consists of a circuit mounted on an 8-lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance characteristics 
remain stable when operated in high-humidity conditions. The package is intended for insertion in mounting-hole rows 
on 7.62-mm centers. Once the leads are compressed to 7.62-mm separation and inserted, sufficient tension is provided 
to secure the package in the board during soldering. Silver-plated leads require no additional cleaning or processing 
when used in soldered assembly. 


8-PIN P PLASTIC 
(METRIC) 


10.16 + 0.26 


OF ONC ES. 


a. Each pin is within 0.127 mm 
radius of true position (T.P.) at 
the guage plane with maximum 
material condition and unit 

7.62 TP. installed. 


{Sea Note a) 
(©) @ @) @) b AH dimension are in millimeters 


6.36 + 0.26 unless otherwise noted. These 


1.77 MAX 8 PLACES 
dimensions are for reference 


only. Inch dimensions govern. 


Anassing PLANE 
GAUGE PLANE 0.84 MIN 


8 PLACES 


\ 2.64 TP 4 mI eas? + 0.076 
— 0.279 + 0.076 ‘ 8 PLACES 
B PLACES pon 


(See Note a) 
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LINEAR CIRCUITS 


ORDERING INSTRUCTIONS AND MECHANICAL DATA 


N plastic dual-in-line packages (metric dimensions, see page 41 for inch dimensions). 


These dual-in-line packages consist of a circuit mounted on a 14- or 16-lead frame and encapsulated within an 
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deformation 
and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are 
intended for insertion in mounting-hole rows on 7.62-mm centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Silver-plated leads (—00) require no 


additional cleaning or processing when used in soldered assembly. 


~ 6.35 £0.26 


2.03 NOM 


Ler NOM 


14-PIN N PLASTIC 


(METRIC) 


OOO OOOO 
al il 1.77 MAX 14PLACES 


— SEATING PLANE -----—- 


TAPLACES . lle 0.27920.78 
14 PLACES 
(See Notes ¢ and d) 


0.083 MIN 
14 PLACES 


>| jee 0.457 4 0.076 


14 PLACES 
{See Notes c and d) 


PIN SPACING 2.54 T.P. 


4@ PLACES 
(See Note 8} 


105° 


TE PLACES Ibe 0.279: 0.076 
18 PLACES 


Package configuration of 
16-pin N peck age (ses 
alternative sdeviews) is 
at the option of T! 


16-PIN N PLASTIC 


(METRIC) 


fe = 22 MAK 


|®G@©OOO® 


| 


See 


0,083 MIN 
12 PLACES 


wm bet 0,457 1 0.076 
16 PLACES 


PIN SPACING 2.54 7° 
(See Note a) 


“ALTERNATE SIDE VIEW 
wi je 1 77 MAX 16 PLACES 


t See Saes eiase> Sao 
5.08 MAX mS 2 fi ] 
q 


os fae 
kee 5 4 


' t 
317 MIN |: 


~ 0.083 MIN 
32 PLACES 


el bo 0487 


1 0.076 
6 PLACES 


| eames. 
241 | | 
039 | "PIN SPACING 2.547 P 
4@PLACES (See Note a) 


Falls Within JEDEC TO-116 and 
MO-001AA Dimensions 


QUAD-IN-LINE LEAD CONFIGURATION 


@ 
@ 
o) 
@ 
® 
) 


a. Each pin centerline is located within 0.26 mm 
of its true longitudinal position, 

b. All dimensions are in millimeters 
otherwise noted. These dimensions are for 


NOTES: 


unless 


reference only. Inch dimensions govern. 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


eee SS SS 
ND-package (metric dimensions, see page 42 for inch dimensions) 


This dual-in-line package consists of a circuit mounted onan 8-lead, 2-tab frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics remain stable when operated in high-humidity conditions. The package is intended for insertion in 
mounting-hole rows on 7.62-mm centers. Once the leads are compressed to 7.62-mm separation and inserted, sufficient 
tension is provided to secure the package in the board during soldering. Pin positions 3, 4, 5, 10, 11, and 12 are 
occupied by two tabs which facilitate attachment of heat sinks. Silver-plated leads require no additional cleaning or 
processing when used in soldered assembly. 


ND PLASTIC 
(METRIC) 
19.6 
18.0 
® ® ® ry 
& 7.82 ¢ 
ssetees 2.36 RNOM 
2.78 NOM 
2.03 NOM 
© ® @©® @ 
1.77 MAX 
8 PLACES 
0.25 NOM 5.08 MAX 0.51 MIN io 


SEATING PLANE 


3.17 MIN 1.01 MIN 


BPLACES 
7 
olimel,” col lead 
2 PLACES Seder 
7.62 TP. 


0.279 + 0.076 
_v\e 10 PLACES 


NOTES: a. Each pin (or tab) center fine is located within 
0.127mm of its true longitudinal position 
(T.P.) 
b. All dimensions are in millimeters unless 
otherwise noted. These dimensions are for 
reference only. Inch dimensions govern. 


QUAD-IN-LINE LEAD CONFIGURATION 


© 
® 


SEATING 


All dimensions are in millimeters. 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 


a SS p uns sna 


U ceramic flat packages (metric dimensions, see page 43 for inch dimensions) 


These flat packages consist of a ceramic base, ceramic cap, and 10- or 14-lead frame. Circuit bars are alloy-mounted. 


Hermetic sealing is accomplished with glass. Tin-plated leads require no additional cleaning or processing when used in 
soldered assembly. 


10-PIN U 14-PIN U 
(METRIC) (METRIC) 


OOOO ou spnone GOOG, srcnc 
por 9.182 LEADS  iwLEKDS 9.482 + a 1.27 TP. off ae 14 LEADS 1.27 TP. 
6.072 i (See Note b) ae i (See Note b) 


DATE CODE DATE CODE 


7.62 
(See Note c} 


ALTERNATE ALTERNATE 
INDEX POINTS INDEX POINTS 


>| fo 2482 14 LEADS 


OO©OOOOO — 


Falls Within Falls Within 
JEDEC MO-004AE Dimensions JEDEC MO-004AA Dimensions 


. All dimensions are in millimeters. These dimensions are for reference only. Inch 
dimensions govern. 

. Leads are within 0.13mm radius of true position (TP) at maximum material 
condition. 

. These dimensions determine a zone within which al! body and lead irregularities 
lie, 
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LINEAR CIRCUITS 


ORDERING INSTRUCTIONS AND MECHANICAL DATA 


W ceramic flat packages (metric dimensions, see page 44 for inch dimensions) 


These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14- or 
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (“bright-dipped”) leads (—00) require no 
additional cleaning or processing when used in soldered assembly. 


14-PIN W CERAMIC 
(METRIC) 


@@QO@OO ee 


16-PIN W CERAMIC 
(METRIC) 
OOOOOOO® 


1.27 1P 


0.152 _|! 
0077 ae 


ILEADS POT OE 7 [| 
| 


bere 1.27 TP 


12 PLACES 
(See Note c) 


~ 5 14 PLACES 
{See Note c) 


16 LEADS 


BASE AND 
SEATING 
PLANE 


BASE AND 
SEATING 
381 \ 


9 PLANE \ 
Jt 14 Leaps 


0.482 
0.482 v1 


16 LEADS 


7.62 
{See Note d) 

| 

| 

| 


4 


i 
i 
i 
t 
t 
: | 
i 
i 
t 


$ 


| 


le 8.56 a : pyre 9.42 
OOOOOOOO® 


Falls Within 
JEDEC MO-004AG Dimensions 


10.16 ; 
ooo &PILACES 


Falls Within 
JEDEC MO-004AA Dimensions 


NOTES: 

a. All dimensions are in millimeters, 
These dirnensions are for reference 
only. Inch dimensions govern. 
Index point is provided on cap for 
terminal identification only, 

Leads are within 0.13 mm radius of 
true position (TP) at maximum 
material condition, 

This dimension determines a zone 

within which all body and lead 

irregularities lie. 


ee eenmml 


TEXAS INSTRUMENTS 


Operational 
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OPERATIONAL AMPLIFIER SELECTION GUIDE 
SS SSS eS Sssssnrsssesssssussssasss 


OPERATIONAL AMPLIFIERS 


Input Offset Input Offset input Bias : Slew Rate at 
Bandwidth : 
Voltage Current Current Unity Gain 
TYP TYP 
(MHz) (V/us) 


0.5t 


™ 
oa 
a 
; 
N 
oO 
Oo 
_ 
+ 


io) 


Ww 
paagl Rgoce ~ 
wl] oO 


S 
w 


1.7 


Cc 
> 
~ 
2 
© 
~ Ih 
on 
aio 
O10 
5/5 
—_ 
S 
Ww 
} 


LM107, LM307 
uwira, twigs «20 800 
(2902 a ae) Re (a 


or 


aa aes 0 


RC4136 
TLO44 


po uwiag,tMeae——| «dt 8028 


Slew Rate at 
Unity Gain 


Input Offset 


Current 


Input Bias 
Current 


[urissa,ursssa | 2 _——S«dP =r | 
Pirie, tras6_———sd St | 
urve7,cra67_——s«| 


LF155, LF366 ee IO Soi O08. ae Oo 
Single 
LF2155, LF2355 


LF2155A, LF2355A 
LF2156,LF2356 | 10 


LF2156A, LF2356A 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 


a a SS es 


Input Offset Voltage (Vic) 


The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero. 
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rs) are inserted in series 
with the input leads. 


Average Temperature Coefficient of Input Offset Voltage (ayo) 


The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


(Vio @ Ta(1)) — (Vio @ TaA(2)) 


where TA(1) and TA(Q2) are the specified temperature extremes. 
TA(1) — TA(2) 


aVviQ = 


Input Offset Current (IjQ) 
The difference between the currents into the two input terminals with the output at zero volts. 
Average Temperature Coefficient of Input Offset Current (a11|Q) 


The ratio of the change ‘in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 


hWo@T —(ljo @T 
ao = {ho @ Tata) = (ho © Tala) where T A(1) and T A(Q) are the specified temperature extremes. 
TA(1) — TA(2) 


Input Bias Current (1)g) 


The average of the currents into the two input terminals with the output at zero volts. 


Input voltage Range (Vj) 


The range of voltage that if exceeded at either input terminal will cause the amplifier to cease functioning properly. 
Common-Mode Input Voltage (Vic) 

The average of the two input voltages. 
Common-Mode Input Voltage Range (VicR) 

The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly. 
Differential Input Voltage (Vip) 

The voltage at the noninverting input with respect to the inverting input. 
Maximum Peak Output Voltage Swing (Voy) 


The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the 
quiescent d-c output voltage is zero. 


Maximum Peak-to-Peak Output Voltage Swing (Vopp) 


The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c 
Output voltage is zero. 


nt a er ee 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 


nL 


Large-Signal Voltage Amplification (Ay) 

The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output. 
Differential Voltage Amplification (Ayp) 

The ratio of the change in output voltage to the change in differential input voltage producing it. 
Maximum-Output-Swing Bandwidth (Bom) 

The range of frequencies within which the maximum output voltage swing is above a specified value. 
Unity-Gain Bandwidth (By) 

The range of frequencies within which the open-loop voltage amplification is greater than unity. 
Phase Margin (¢m) 


The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which 
the modulus of the open-loop amplification is unity. 


Gain Margin (Am) 


The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is such 
that the output is in phase with the inverting input. 


Input Resistance (rj) 

The resistance between the input terminals with either input grounded. 
Differential Input Resistance (rjq) 

The small-signal resistance between the two ungrounded input terminals. 
Output Resistance (ro) 

The resistance between the output terminal and ground. 
Input Capacitance (Cj) 

The capacitance between the input terminals with either input grounded. 
Common-Mode Input Impedance (zjc) 

The parallel sum of the small-signal impedance between each input terminal and ground. 
Output Impedance (z9) 


The small-signal! impedance between the output terminal and ground. 


Dr a email 
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Ss SSSSSSSsussnumnanenens 
Common-Mode Rejection Ratio (kcnp, CMRR) 
The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-rtnode voltage to the resulting change in 
input offset voltage. 
Supply Voltage Sensitivity (ksys, AVjo/AVcc) 
The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage sensitivity. 
Supply Voltage Rejection Ratio (ksypR, AVcc/AVjo) 
The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 


NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage rejection ratio. 


Equivalent Input Noise Voltage (Vp) 
The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals of 
the device that represents the part of the internally generated noise that can properly be represented by a voitage 
source. 

Equivalent Input Noise Current (1p) 
The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input 
terminals of the device that represents the part of the internally generated noise that can properly be represented by a 
current source. 


Short-Circuit Output Current (IQs) 


The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to a 
specified point. 


Supply Current (icc) 
The current into the Vcc or VCC+ terminal of an integrated circuit. 
Total Power Dissipation (Pp) 


The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Pp = Vcc+: Icc+ + Vec—°* Iec_. 


Channel Separation (V91/Vo2) 


The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another 
channel. 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 


an 


Rise Time (t,) 


The time required for an output voltage step to change from 10% to 90% of its final value. 


Total Response Time (Settling Time) (tyo¢) 


The time between a step-function change of the input signal level and the instant at which the magnitude of the output 
signal reaches for the last time a specified level range (+e) containing the final output signal level. 


Overshoot Factor 


The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a step-function 
change of the input signal, to (2) the absolute value of the difference between the steady-state output signal values 
before and after the step-function change of the input signal. 


Slew Rate (SR) 


The average time rate of change of the closed-loop amplifier output voltage for a step-signal input. 


Deere cee A ES oP Pac ct I Rue ci) 
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TYPES LF155, LF155A, LF156, LF156A, LF157, 
LINEAR | LFI57A, LF255, LF256, LF257, LF355, 


LF355A, LF356, LF35GA, LF357, LF357A 
INTEGRATED CIRCUITS JFET-INPUT OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612387, JUNE 1976 


e Rugged JFET’s Allow Blow-Out-Free e Low Input Offset Voltage Temperature 


Handling Compared with Coefficient ...5 uV/°C Typ 
MOSFET-Input Devices 


e High Input Impedance... 1012 2 Typ 
e Offset Adjustment Does Not Degrade 


aVIO or Common-Mode Rejection e@ High Common-Mode Rejection Ratio 
as in Most Bipolar Amplifiers © High DC Voltage Gain... 200 V/mV Typ . 
e Low Input Bias Current . .. 30 pA Typ e No External Frequency Compensation Required 


e Low Input Offset Current...3pATyp =e Low Equivalent Input Noise Current 


quick selection guides 


OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE 


TYP BANDWIDTH TYP Vy, TYP TYP SLEW RATE 


= 14 = 
[20 nie | re | 2M | TS WVIVHE [25 nV IIA 50 Vins 


TYPES 


description JG ORP L 
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE 
These monolithic JFET-input operational amplifiers (TOP VIEW) (TOP VIEW) 


incorporate well-matched, high-voltage BI-FET 
technology (JFET’s on the same chip with standard hea a 
bipolar transistors). The devices feature low input NC_ Vcc+ PUT ANCE 
bias and offset currents, low offset voltage and offset 
voltage temperature coefficient, coupled with offset 
adjustment that does not degrade temperature co- 
efficient or common-mode rejection. The devices are 
also designed for wide bandwidths, high slew rate, 
extremely fast settling time, low equivalent input 
noise voltage and current, and a low 1/f corner. 


BAL. INV NON. Vcc_ 


The LF155, LF155A, LF156, LF156A, LF157, and ANCE INPUT wey PIN 41S IN ELECTRICAL 
: ' ; : ; CONTACT WITH THE CASE 

LF157A are characterized for operation over the full 

military temperature range of —55°C to 125°C; the NC—No internal connection 


LF255, LF256, and LF257 are characterized for 
operation from —25°C to 85 C; the LF355, LF355A, 
LF356, LF356A, LF357, and LF357A_ are 
characterized for operation from OC to 70°C. 
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TYPES LF155, LFISSA, LF156, LF1SGA, LF157, LF157A, LF255, 
LF256, LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A 
JFET-INPUT OPERATIONAL AMPLIFIERS 


schematic 


BALANCE 


OVcc+ 


O OUTPUT 


Pap 


Component values shown are nominal. 
to1=2 pF on LF157, LF157A, L F257, LF 357, and LF 357A. 


0 Vcc— 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 
Supply voltage Vcc— (see Note 1) 
Differential input voltage (see Note 2) 


Input voltage (see Notes 1 and 3) 


Duration of output short-circuit (see Note 4) | unlimited [| unlimited | unlimited | 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 


| 300 || 300 
[260 | 


NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where 


the zero reference level is the midpoint between Voc; and Vcoc_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 


4. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that the 


dissipation rating is not exceeded. 


5. For operation above 25°C, free-air temperature, refer to Dissipation Derating Curves, Section 2. This rating for the L package 


requires a heat sink that provides a thermal resistance from case to free-air, Raca, of not more than 105°C/W. 


TEXAS INSTRUMENTS 


TYPES LF155, LF156, LF157, LF255, 
LF256, LF257, LF355, LF356, LF357 
JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, TA = 25°C (unless otherwise noted) 


LF1_— LF3 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX [MIN TYP MAX |MIN TYP MAX 


Vv Input offset volt PN | : ; 
oO [R= 509, Ta=furranef S~SCidSC~t 


Temperature coefficient 
a Rs = 50Q, TA = full ran 


Change in temperature 
Aavio 


AVio 


Tt 


r=) 
< 


UNIT 


uViPC 


_ 
W 


uV/°C 


coefficient with offset 


voltage adjustment 


anion aaeaeaer 320 
lio Input offset current 


Pee ee ef Oe OO 
lig Input bias current 


Common-mode input 


D 
n 
u 
3 
+e) 
2 
< 


Ww 
Qi 
oO 


po] 


=f = bBRp 


W 
o 
N 
8] r 


+10 +15 


VICR 
voltage range 


Maxi k-t k 
Vop aximum peak-to-pea Vec+ = +15 V, RE =10k2 24 #8026 24 826 24 = 26 


output voltage swing 


Vcc: = 
Ry =2kQ, 
Vo =+10V 


Large-signal differential 
AVD tis V/mvV 


voltage amplification 


+ 
> 
i 
Ea 
a 
Py 
5 
ea 
® 
on 
N 
; 


Unity-gain bandwidth MHz 


rj Input resistance 
C; Input capacitance 


‘ —_ 
CMRR ea modesrelgcrion Rs = 502 85 100 85 100 
ratio 


fswoHs [6,87 | 8 | tC 
Rg=1000, [8 | 0 +0 


Notes, [68 | 2 4] 2-4 
lec Supply current : 
No signal 


*ksvpr = 4Vccr/AVio. 

Tan characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Voct = +15 V to +20 V for 
LF1__ and LF2__, Vecs = +15 V for LF3__. Full range for Ta is —55°C to 125°C for LF1__, —25°C to 85°C for LF2__, and 0°C to 
70°C for LF3__. 


Nn 
oi 
N 
o 
N 
oa 


jee) 
o 


100 


Equivalent input noise 
voltage 


nV/./Hz 


g 
y1 8 


BE 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


LFI__ LF2__ LF3__ 
PARAMETER TEST CONDITIONS UNIT 
TYP MAX] MIN TYP MAX|MIN TYP MAX 


Total response time 
(settling time) 


ttot 


4AVo9=10V, 
See Figure 2 


SR Slew rate 


TEXAS INSTRUMENTS 
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TYPES LF1I55A, LFISGA, LFI57A, 
LF355A, LF356A, LF357A 
JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, TA = 25°C (unless otherwise noted) 


LFI__A LF3__A 
TEST CONDITIONST 
1 2 


T t fficient of 
avi emperature coefficien Rg = 50.2, FA Stull tangs P : 2 
input offset voltage 


Aavio Change in temperature coefficient 
AVIO with offset voltage adjustment 


' auc tiier kutsane Fe pace hee 
Ta * full range 
Np Input bias current 


Common-mode input voltage 
range 


w —_ 
N 
WN 


Ww 
—b 
Oo 


Maximum peak-to-peak 


output voltage swing 


Vecs = £15 V, 
RL =2kQ, 
Vo = +10 V 


Large-signal differential 
AVD 


N 
o 


voltage amplification 


N 
a 


Ta = 25°C 50 200 50 200 
V/mV 
TA = full range 25 
Unity-gain bandwidth 


CMRR Common-mode rejection ratio Rs = 502 


oi gi 
~ ol 
> > 
ie.) 
on 
NS 
WwW a 
foe) _ 
ao ol 
web 
=] NO 
Ww oO 


: . . 


Supply voltage rejection ratio 


ies) 
oa 
—_ 
° 
o 
eo 
o 
=k 
=) 


ksvr* 


P] 
7) 
rT 
8 
2 
oi 
4) 
iS) 
a 


Equivalent input noise voltage 


D 

” 

i) 

8 

» 

gi 

163] 

=~ 1h 

(1) N}O 

~! 

NN 
eS) 


f= 1 kHz ‘BGA, '57A 


In Equivalent input noise current Se 
; Sian: No load, 
a No signal ‘66A, ‘SIA 


kgvr\ * 4Vcc+/4Vi0. 
TAI! characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vcc+= +15 V to 20 V for 


LF1——A and LF3——A. Full range for Ta, is ~55°C to 126°C for LF1——A and O°C to 70°C for LF3-—A. 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, TA = 25°C 


Fi 
PARAMETER TEST CONDITIONS LF3__A 
MIN TYP MAX] MIN TYP MAX 
AVo=10V, Aijez4 '5S5A 
Total response time (settling time) | € = 0.01%, V | '56A | 


3 5 


: '55A | 
AVo = 10 V,| Av = —1 
'56A | 


See Figure 2 


SR Slew rate 


TEXAS INSTRUMENTS 


TYPES LF155, LFI55A, LF156, LF1IS5GA, LF157, LF157A, LF255, 
LF256, LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A 
JFET-INPUT OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


R2 =2kQ 


INPUT For Ay =—1, V,;=10V 


For Ay=-5, Vj =2V 


je— trot —| : 
OUTPUT 
Ay ae is 
R1 
ForAy=—1, R1=2kQ te 
ForAy=—5, R1=4002 100% ——— 


—_— —— __¢ 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—TOTAL RESPONSE TIME 


R2=2kQ 


v1 


For Ay =—5, Vy =2V 


R1 1 
te tr 
ForAy=—1, R1=2k2 Z eta 
For Ay=-5, R1=4002 t 
‘TEST CIRCUIT | VOLTAGE WAVEFORMS 
FIGURE 2~SLEW RATE 
Printed in U.K. 
TI cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. TEXAS INST RUM ENTS 


INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
JER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157, 


LINEAR LF2157A, LF2255, LF2256, LF2257, LF2355, 
INTEGRATED LF2355A, LF2356, LF2356A, LF2357, LF2357A 
CIRCUIT : DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612420, JUNE 1976 


e Rugged JFET’s Allow Blow-Out-Free e Low Input Offset Voltage Temperature 


Coefficient... 5 uV/°C Typ 

High Common-Mode Rejection Ratio 

High DC Voltage Gain... 200 V/mV Typ 

No External Frequency Compensation Required 


Handling Compared with ns 
MOSFET-Input Devices : 
@ Low Input Bias Current... 30 pA Typ 
e Low Input Offset Current ...3 pA Typ 
@ High Input Impedance... 1012 Q Typ 


Low Equivalent Input Noise Current 


quick selection guides 


types |OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE 
| ~85°C to 126°C | -25°C to 85°C | 0°C to 70°C 


TYP BANDWIDTH TYP V, TYP TYP SLEW RATE 


=1 
[20 Mrz [4.5 Mie [2.5 MHe | 18AVIAE | 25 ave | 2mA | Sm 
‘55, '55A 
56, '56A 
‘57,'57A 


description JG ORP L 
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE 
These monolithic JFET-input operational amplifiers (TOP VIEW) (TOP VIEW) 
incorporate well-matched, high-voltage BI-FET 
technology (JFET’s on the same chip with standard AMELIE 2 NN 


bipolar transistors). The devices feature low input Vec+ PUT INPUT INPUT 
bias and offset currents, low offset voltage, and low 
offset voltage temperature coefficient. The devices 
are alse designed for wide bandwidths, high slew rate, 
extremely fast settling time, low equivalent input 
noise voltage and current, and a low 1/f corner. 


The LF2155, LF2155A, LF2156, LF2156A, 
LF2157, and LF2157A are characterized for OUT INV NON Vo,- 

operation over the full military temperature range of ‘giecERS INPUT PIN 41S IN ELECTRICAL 
—55°C to 125°C; the LF2255, LF2256, and LF2257 eh ic TA ee a 
are characterized for operation from —25°C to 85°C; 
the LF2355, LF2355A, LF2356, LF2356A, LF2357, 
and LF2357A are characterized for operation from 
0°C to 70°C. 


NIN ae nee eT 


TEXAS INSTRUMENTS 


‘TYPES LF2155, LF2155A, LF2156, LF2156A, LF215/, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 
LF2355A, LF2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


TO OTHER 
AMPLIFIER 


OVcC+ 


O OUTPUT 


a=: 
acmiaest: 


Component values shown are nominal. 
to1s 2 pF on LF2157, LF2157A, LF2257, LF 2357, and LF2357A. 


oO Vcc— 


TO OTHER 
AMPLIFIER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 

Supply voltage Vcc— (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (see Notes 1 and 3) 

Duration of output short-circuit (one amplifier, see Note 4) 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 
Operating free-air temperature range 

Storage temperature range 


P package 


NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where 

the zero reference level is the midpoint between Vcc; and Voc_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either supply. Temperature and/or supply voitages must be limited to ensure that the 
dissipation rating is not exceeded. 

5. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves, Section 2, This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, Reca, of not more than 105°C/wW. 


TEXAS INSTRUMENTS 


TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 
LF2355A, LF2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, TA = 25°C (unless otherwise noted) 


| LF21-- LF22-—~ LF23~-—- 
NDITIONSt 
PARAMETER TESTIC? MIN TYP MAX {MIN TYP MAX {MIN TYP MAX vee 
Rs = 502 
i. ; PAs=600 
Ye) Input offset voltage As= 509, Ta = full range 


Temperature coefficient 
of input offset voltage 
Change in temperature 
coefficient with offset 
voltage adjustment 


ho Input offset current Ta © full range 
ie Input bias current TAS full renga 
r Common-mode input 
ICR voltage range 
Maximum peak-to-peak ‘ 
VopP IMUM POBK-LO-POR® | Vocg = 215 V, RL =10kN 
output voltage swing 
Vv = +16 V, : 
ne Large-signal differential eet be Ta = 26°C | 50 20 | 
D rer = ‘ 
Ta = ful 


avio Rs = 502, Ta = full range 


uVPC 
mV 


« bbRE 


+110 +15 +11 +15 +10 +15 
to to to to to to 
= 12 =14: -=12 -10 —12 


~ 


By Unity-gain bandwidth 


tj Input resistance 
Cj Input capacitance 


CMRR Common-mode rejection Rg = 602 85 100 85 100 


ratio 


ao 
© 
~ 
3 


* . 


Supply voltage rejection 
ratio 


g 
3 
8 
g 
g 


kg vR* 


Rs= toon, {55 | 
f= 10042 [6,7 
R= i000, | 38 
f= 1 kHz 


Equivalent input noise 
voltage 


current 
No load, 
Icc Supply current No signal 


*ksvr = AVccs/AVi0- 
tAN characteristics are specified under open-loop operation, uniess otherwise noted. Also unless otherwise noted, Vcc; = +15 V to +20 V for 


LF21__ and LF22__, Voc = +16 V for LF23__. Full range for Ta is —55°C to 125°C for LF21__, —25°C to 85°C for LF22__, 
and 0°C to 70°C for LF23__. 


Vn 


gi 
“ 

3 

= 
5% 


Ee 
Ei 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


PARAMETER TESTCONDITIONS Tain Ty MAX 


Tomes Gas ONO OY lunge [eee see 
ttot (settling time) = 20.01%, 2) Se 
ital SeeFiguet [av=-5 [’e7{ 5 |B 

7 Pen a |...) en Deen 

SR Slewrate BVO DIO Vay 56] 7.5 12 7.5 12 


eames 


TEXAS INSTRUMENTS 
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 
LF2355A, LF2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, TA = 25°C (unless otherwise noted) 


LFI__A 
dguies, MIN TYP MAX 


Vv | t offset It = 
oftset voltage 
10 npu s Rs =500, TA full range 
t icient of = 
Temperature coefficient o Rs = 502, Ta = fuil range 
input offset voltage 


EEs==6 UNIT 
MIN TYP MAX 


Ars 
5 Is 
(eo) 
= 0 
-_ JS 
nal 
+ § 
23 
& 35 
og 
6 3 
& & 
3 3 
as 
&s§ 
& 3 
33 
eo 3 
~ «Oo 
é. 
3 
3|= 
</3 
oO 


. +11 +15 +11 +15 

Common-mode input voltage 
ViCR ance to to to to 
—11 -—12 —11 -12 


Uoee Maximum peak-to-peak Voc: =#15V, RE =10k2 
output voltage swing ccs aes 


Vv =+15V, 
A Large-signal differential bea Ta = 25°C 
VD ae L= ’ 
f = 5 
voltage amplification Vo = #10 V Ta = full range 
1 
i 


oa 
oa 
lee] 
a 
= 


8 


B Unity-gain bandwidth 


Ag= 500 85100 
Rs= 1002, | ‘55A_ 


f = 100 Hz ‘S6A, ‘57A 
Rig = 100 ©, 
f=1 kHz ‘56A, ‘574A 


In 

Noted, [| _S8A__ 
lec Supply current ' 

No signal 


ksvr = 4Vcc+/4Vi0. 
TAII characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vec+= +15 V to 20 V for 
LF21——A and LF23——A. Full range for Ta is —55°C to 125°C for LF21——A and O° to 70°C for LF23——A. 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


TEST CONDITIONS we Hea teas 
MIN TYP MAX 


4V0=10V, *55A 


ttot Total response time (settling time) | € = +0.01%, PB 
aves fom as 


ioe] 
oi 
= 
3 
ies] 
oa 
= 
8 


nV//Hz 


Va Equivalent input noise voltage 


ioe 
oF | 
=< 
ea 


LF23——A 
MIN TYP MAX 


See Figure 1 


| ae Ay=-1  35A] 
SR Slew rate avo AON EY | 56A | 
See Figure 2 


TEXAS INSTRUMENTS 


TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157, 

LF2157A, LF2255, LF2256, LF2257, LF2355, 

LF2355A, LF2356, LF2356A, LF2357, LF2357A 

DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 
PARAMETER MEASUREMENT INFORMATION 


R2 =2kQ 


vi 


INPUT For Ay=-—1, Vy=10V 


For Ay =—-5, Vi=2V 


OUTPUT 


ForAy=-—1, R1=2kN 


— ee ee te 
ForAy=—5, R1=4002 100% —— 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—TOTAL RESPONSE TIME 


R2=2k2 


2) 
INPUT For Ay =—-1, V,;=10V 


For Ay =—5, Vi=2V 


R200 ET a ae me Ov 
Ay = RI 1 ! 
ie tr AVO 
ForAy=—1, R1=2k2 a ae a 
ForAy=—5, R1=4002 ‘ 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2—-SLEW RATE 

Printed in U.K. 
Ti connot assume any responsibility for any circuits shown 


or represent that they are free from patent infringement. 


AS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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LINEAR 


Low Input Currents 
Low Input Offset Parameters 


e Frequency and Transient Response 
Characteristics Adjustable 


e = Short-Circuit Protection 
e 8 §=>-daOOf fset- Voltage Null! Capability 
description 


“INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


FORMERLY SN52101A, SN72301A 


TYPES LMI101A, LM201A, LM301A 


BULLETIN NO. DL-S 7611432, JANUARY 1971—REVISED JUNE 1976 


e Designed to be Interchangeable with 
National Semiconductor LM101A and LM301A 


No Latch-Up 


e Wide Common-Mode and 
Differential Voltage Ranges 


e Same'Pin Assignments as uA709 


The M101A, LM201A, and LM301A are high-performance operational amplifiers featuring very low input bias 
current and input offset voltage and current to improve the accuracy of high-impedance circuits using these devices. 
The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are protected to withstand short-circuits at the output. The external 
compensation of these amplifiers allows the changing of the frequency response (when the closed-loop gain is greater 
than unity) for applications requiring wider bandwidth or higher slew rate. A potentiometer may be connected between 
the offset-null inputs (N1 and N2), as shown in Figure 7, to null out the offset voltage. 


The LM101A is characterized for operation over the full military temperature range of —55°C to 125°C, the LM201A . 
is characterized for operation from —25°C to 85°C, and the LM301A is characterized for operation from 0°C to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


JG OR P 


our 


WC OFFSET INV NON Vec- 


OFFSET INV 
NULL/ INPUT INV 


Nuits INPUT 
come 
iN 


NC—No internal connection 


ODUAL-IN-LINE 
_ PACKAGE (TOP VIEW) 


OFFSET 
" NULL 


L PLUG-IN PACKAGE 
(TOP VIEW) 


U FLAT PACKAGE 
(TOP VIEW) 


‘OFFSET 
Veco» OuTPUT atchty NC 


it ~—1O@OOMOOOO 


iNM) 


OFFSET 
NULL 
(N21 


PIN 41S IN ELECTRICAL 


CONTACT WITH THE CASE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 

Supply voltage Vcc_ (see Note 1) 
Differential input voltage (see Note 2) 

Input voltage (either input, see Notes 1 and 3) 


Voltage between either offset null terminal (N1/N2) and Voc_ 


Duration of output short-circuit (see Note 4) 


Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5 


Operating free-air temperature range 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voitages where the 
zero reference level is the midpoint between Voc; and Vcc_. 
2. Oifferential voltages are at the noninverting input terminal with respect to the inverting Input terminal. 
3. The magnitude of the input voitage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less, 
4, The output may be shorted to ground or either power supply. For the LM101A only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the 


short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature, 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


TEXAS INSTRUMENTS 


TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


voltages specified 


Throughout this data sheet, supply voltages are specified either as a range or as a specific value. A positive voltage 
within the specified range (or of the specified value) is applied to Vcc+, and an equal negative voltage is applied to 
Vcc-- 


electrical characteristics at specified free-air temperature, Cc = 30 pF (see note 6) 


T T Cc T t | LM101A,LM201A_— 


a 
vlo of input offset voltage 


ho Input offset current 


Average temperature coefficient 
of input offset current 


lip Input bias current a 


Vv| Input voltage range See Note 7 


Vec+ = #15 V, 
Maximum peak-to-peak 
Output voltage swing Vcc+ = +15V, 


Large-signal differential 


voltage amplification 


____lrputresistance ——SsC«dSCSSSCSC*” 
Rs = 50k 


CMRR Common-mode rejection ratio 
AVcc/AVi¢o Supply voltage rejection ratio Rs = 50k 


No load, 
Supply current No signal, 
See Note 7 


Ss 
> 
x 


TAI characteristics are specified under open-loop operation. Full range for LM101A is —55°C to 125°C, for LM201A is —25°C to 85°C, and 


for LM301A is O°C to 70°C. 
NOTES: 6. Untess otherwise noted, Vcci = +5 V to +20 V for LM101A and LM201A, and Vcc: = +5 V to +15 V for LM3O0TA. All typical 
values are at Vcc: = 15 V. 
7. For LM101A and LM201A, Voc+ = +20 V. For LM301A, Vcoc+ = t15 V. 


TEXAS INSTRUMENTS 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK 


INPUT OFFSET CURRENT INPUT BIAS CURRENT OUTPUT VOLTAGE (WITH 
vs vs SINGLE-POLE COMPENSATION) 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE vs FREQUENCY 


LM101A _ 
LM201A4 


lyo-— Input Offset Current—nA 
t}g—lnput Bias Current—nA 


—LMI01IA 
LM201A 


Vopp — Maximum Peak-to-Peak Output Voltage — V 
a 


NUHIEN | 
UTITIT TRS TR TT 


1 SH 
him 
IM 


oa ~50 <ae 0 25 50 75 100 «125 oS -50 -25 0 25 50 75 100. «(125 a k 10k 100 k 10M 
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—"C f — Frequency — Hz 
FIGURE 1 FIGURE 2 FIGURE 3 
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs vs VOLTAGE-FOLLOWER 
% SUPPLY VOLTAGE FREQUENCY LARGE-SIGNAL PULSE RESPONSE 
€ 
> RL = 2k2 Vec+ =:15V V) = +15V 
5 Ta = 25°C g RL = 2k wert ae 
= = Cc = 30 pF 
8 8 Ta = 25°C > 
= = 4 
ro a 
€ 
: < 5 
$ 8 2 
id g a 
> 3 e) 
2 ; 3 
§ £ 3 
é 3 2 
fa) ig £ 
| > 
(a) < 
> 
4 
2 4 6 8 10 #12 #14 «16 «18 «120 
Mec: | ~Supply Voltage—V f—Frequency—Hz t—Time—us 
FIGURE 4 FIGURE 5 FIGURE 6 
TYPICAL APPLICATION DATA 
Vo R2 
Vi Ri 
R1°30 pF 
> 
R1+R2 
R1°R2 
R3 = 
R1+R2 


FIGURE 7—INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 


Printed in U.K. € 
TEXAS INSTRUMENTS 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE 


LINEAR TYPES LM107, LM207, LM307 
INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7611426, DECEMBER 1970—REVISED JUNE 1976 


FORMERLY SN52107, SN72307 


@ Low Input Currents © @ Short-Circuit Protection 
@ No Frequency Compensation Required @ No Latch-Up 
@ Low Input Offset Parameters @ Wide Common-Mode and 


Differential Voltage Ranges 
description 


The LM107, LM207, and LM307 are high-performance operational amplifiers featuring very low input bias current and 
input offset voltage and current to improve the accuracy of high-impedance circuits using these devices. 


The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage- 


follower applications. The devices are short-circuit protected and the internal frequency compensation ensures stability 
without external components. 


The LM107 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM207 is 
characterized for operation from —25°C to 85°C, and the LM307 is characterized for operation from 0°C to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE ars SE L PLUG-IN PACKAGE WEUATRACKAGE 
PACKAGE (TOP VIEW -IN- anu 
PAKCAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


NC Vec+ OUTPUT Nc NC 


OOOO@OMOO 


NON- 


ae PIN 4IS IN ELECTRICAL 
INPUT CONTACT WITH THE CASE 


NC—No internal connection 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


i307 
Supply voltage Voc+ (see Note 1) ae a 

Supply voltage Vcc_ (see Note 1) |  -220 | -22 | 
Differential input voltage (see Note 2) 

Input voltage (either input, see Notes 1 and 3) +15 

Duration of output short-circuit (see Note 4) 


Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 
Operating free-air temperature range 


Lead temperature 1/16 inch from case for 60 seconds J, JG, L or U package 
Lead temperature 1/16 inch from case for 10 seconds N or P package 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc; and Vcc_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less, 

4. The output may be shorted to ground or either power supply. For the LM107 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM207 only, the unlimited duration of the 
short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature. 

5 


. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


TEXAS INSTRUMENTS 


77 


TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


voltages specified 


Throughout this data sheet, supply voltages are specified either as a range or as a specific value. A positive voltage 
within the specified range (or of the specified value) is applied to VCC+, and an equal negative voltage is applied to 


VceC=; 


electrical characteristics at specified free-air temperature (see note 6) 


LM107, LM207 
PARAMETER TEST CONDITIONSt MIN Typ Max [Mm 
oe a a ae aE , 
Input offset voltage Rs = 50 kQ mV 
Average temperature coefficient “ 
evio : Full range 6 30 | uVv/c 
; of input offset voltage 
ed 
ho Input offset current nA 


2 ae 


Average temperature coefficient 


Ta = 25°C to MAX 
Ta =0°C to 25°C 


of input offset current 


Ta = 25° cee 


Pe Cc 
Input bias current 
[Full range | range 


a +15 V, 
Voce = S18, 


= 


Maximum peak-to-peak 
output voltage swing 


Large-signal differential 


A 
¥P voltage amplification 


Vec+ = #15V, 
Vo =110V, 

i Tnputremitance ——SCidSSC*d CS 

aacisokn 


AVcc/AVi¢ Supply voltage rejection ratio Rs = 50k Ea 
| 


No es 
See Note 7 


CMRR Common-mode rejection ratio 


Supply current 


TAIIl characteristics are specified under open-loop operation. Full range for LM107 is —55°C to 125°C, for LM207 is —25°C to 85°C, and for 
M307 is O°C to 70°C. 
NOTES: 6. Unless otherwise noted Vcoc+ = +5 V to +20 V for LM107 and LM207, and Vcc+ = +5 V to +15 V for LM307. All typical values 
are at Voc+ = t15 V. 
7. For LM107 and LM207, Vcc+ = +20 V. For LM307, Voc: = +15 V. 
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TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


4 80 
‘ 
3 - 
:° 
: : 
E '* 
2 E 
a 20 

0 oO 

-75 -80 -26 0 2 60 76 100 126 -75 -50 

Ta—FreeAir Temperature—"C Ta—Free-Air Tempersture—"C 
FIGURE 1 FIGURE 2 
MA X(tMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs VOLTAGE-FOLLOWER 
FREQUENCY LARGE-SIGNAL PULSE RESPONSE 
32 8 
PL TUTE [vce see} 
28 RL = 10k2 
Ta = 25°C | 


PN 

A 
| TN PET 
TUN tT 
TTA Ua 
PT, SNL 
PELTED 


1 2 4 710 20 =#@ 100 0 10 20 W 4 50 60 70 80 90 
f—Frequency—kHz 


{nput and Output Voitages—V 


Vopp—Maximum Pesk-to-Peek Output Voltage—V 
a 


0 


t-Time—us 
FIGURE 3 FIGURE 4 
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs vs 
SUPPLY VOLTAGE FREQUENCY 
400 
one ie (iad 

2 Ta = 28°C ¢ 
ro Hace (oe i 
Pee LS 
2 2 
* 100 eee el —__ ps 
& —2T os cm ] 
} =a 3 
3 ana 3 
+25 ez i 
el i 
= ra) 
i A 
ra) 

2 Zz 


2 14 #16 18 20 1 10 100 tk 10k 100k 1M 10M 100M 


Wece | -Supply Voitage—V £ 


f—Frequency—Hz 
FIGURE 5 FIGURE 6 


t Data for free-air temperatures below—25°C and above 85°C is applicable for LM107 only. 
Data for supply voltages greater than 15 V is applicable to LM107 and LM207 circuits only. 
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LINEAR TYPES LM118, LM218, LM318 


INTEGRATED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 
CIRCUITS 


BULLETIN NO, OL-S 7612410, JUNE 1976 


Small-Signal Bandwidth ... 15 MHz Typ e Internal Frequency Compensation 


e Slew Rate... 50 V/us Min e Input and Output Overload Protection 
e Bias Current... 250 nA Max (LM118, LM218) e Same Pin Assignments as General Purpose 
e Supply Voltage Range...+5V to+20 V Operational Amplifiers 

description 


The LM118, LM218, and LM318 are precision high-speed operational amplifiers designed for applications requiring 


wide bandwidth and high slew rate. They feature a factor of ten increase in speed over general purpose devices without 
sacrificing dc performance. 


These operational amplifiers have internal unity-gain frequency compensation. This considerably simplifies their 
application since no external components are necessary for operation. However, unlike most internally compensated 
amplifiers, external frequency compensation may be added for optimum performance. For inverting applications, 
feed-forward compensation will boost the slew rate to over 150 V/us and almost double the bandwidth. 
Overcompensation may be used with the amplifier for greater stability when maximum bandwidth is not needed. 
Further, a single capacitor may be added to reduce the settling time for € < 0.1% to under 1 us. 


The high speed and fast settling time of these operational amplifiers make them useful in A/D converters, oscillators, 
active filters, sample and hold circuits, and general purpose amplifiers. 


The LM118 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM218 is 
characterized for operation from —25°C to 85°C, and the LM318 is characterized for operation from O°C to 70°C. 


terminal assignments 


JG OR P 
DUAL-IN-LINE PACKAGE L PLUG-IN PACKAGE N DUAL-IN-LINE U FLAT PACKAGE 
(TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


COMP OUT- BAL/ 
OUT- BAL/ 
2. =Vcc+ PUT COMP 3 Voc+ PUT COMP 3 NC 


BAL/ INV NON- Vcc. : G) 
COMP TINPUT INV INV NON: Voc nc . 
t 


haa MPT INPUT aw VV NONINV Voc 


TANPUT -NPUT 


TEXAS INSTRUMENTS 


67 


TYPES LM118, LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Lead temperature 1/16 inch from case for 60 seconds: J, JG, L, or U package 
Lead temperature 1/16 inch from case for 10 seconds: N or P package 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcoc+ and Vcc_. 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

3. The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive current will 
flow if a differential input voltage in excess of approximately 1/V is applied between the inputs unless some limiting resistance is 
used. 

4. The output may be shorted to ground or either power supply. For the M118 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM218 only, the unlimited duration of the 
short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature (see note 6) 


PARAMETER 
2 


a ae See's) 
Vio Input offset voltage 
Fullrenge | 
Input offset t ac -_< 
nput offset curren 
10 p Fulrange | 100 | 800 


1 
V Maximum peak-to-peak Vecs = #15 V, pais - 
u an 

GFF output voltage swing Rp =2k2Q . 
Vv =+15V, 

a 
Vo = +10 V, 

Full range 25 

RE = 2 kQ 


Large-signal differential 


A 
~e voltage amplification 


fj Taputresisence dT —«* PC 
CMAR Common-mode rejection ratio [| Ful ranpe_ 
FaVec/aVio Supply voltage reection ratio |__| Full range_ 


256 a 
ae a CSU ge eaanee! 


tall characteristics are specified under open-loop operation. Full range for LM118 is —55°C to 125°C, for LM218 is —25°C to 85°C and for 


LM318 is O°C to 70°C. 
NOTE 6: Unless otherwise noted, Voc, = +5 V to £20 V. All typical values are at Vec4 = +15 V. Throughout this data sheet, supply voltages 
are specified either as a range or as a specific value. A positive voltage within the specified range (or of the specified value) is applied 
to Vcec4, and an equal negative voltage is applied to Vcc_. 
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TYPES LM118, LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


operating characteristics, VcC+ = 15 V, Vcc— = —15 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
SR Slew rate at unity gain AV, = 10 V, Cy, = 100 pF, See Figure 1 50 70 


parameter measurement information 
2k2 


INPUT 
OUTPUT 


---10V 


TEST CIRCUIT t 


t 
VOLTAGE WAVEFORMS 
FIGURE 1—SLEW RATE 


schematic 
BALANCE 
COMPENSATION-3 


ALANCE 
COMPENSATION-1 COMPENSATION-2 
© © 


INVERTING 
inPpuT 


NONINVERTING 
INPUT 


Hes 
mL ES 


TEXAS INSTRUMENTS 


Component values shown are nominal. 
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LINEAR | TYPES LM124, LM224, LM324 
INTEGRATED CIRCUITS QUADRUPLE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612248, SEPTEMBER 1975—REVISED JUNE 1976 


e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 


Single Supply ...3 V to 30 V Input Offset Voltage ...2mV Typ 

or Dual Supplies Input Offset Current ...3nA Typ (LM124) 
© Low Supply Current Drain Input Bias Current ...45 nA Typ 

Independent of Supply Voltage e Differential Input Voltage Range 

. 0.8 mA Typ Equal to Maximum-Rated 

e Common-Mode Input Voltage Supply Voltage . . . +32 V 

Range Includes Ground Allowing e Open-Loop Differential Voltage 

Direct Sensing near Ground Amplification ... 100 V/mV Typ 


. e Internal Frequency Compensation 
schematic (each amplifier) 


CURRENT CURRENT 
AEGULATOR REGULATOR 


These devices consist of four independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 


JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


~EyuA 
CURRENT 
REGULATOR 


AMPLIFIER NO. 4 AMPLIFIER NO. 3 


INVERT. NONIN- NONIN. INVERT- 
ING VERTING VERTING ING 
Sours UT INPUT INPUT GND INPUT INPUT OUTPUT 


TO OTHER 
AMPLIFIERS 


description 


. . F ‘. . OUTPUT INVERT- NONIN- : . TPUT 
split supplies is also possible so long as the difference NCU ERTING? REE 
between the two supplies is 3 volts to 30 volts and Nine peeereerraas! VEU INEUT 


Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1 AMPLIFIER NO. 2 
common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 


Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM124 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional + 15-volt supplies. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 2. 1 1 ww ee ee eee ee ew 682M 
Differential input voltage (see Note 2) i Wipe oe ay he ae Mt eh ees Big? ki aed aie ema an Lanse. fe +32 V 
Input voltage range (either input) .... . io Baie sy GO ae Gh ot 0. 3 V to32V 
Duration of output short-circuit (one amplifier) to ygrouie at or below! 25° °C 
free-air temperature (Vcc < 15 V) (see. Note3) ... woe oe ew ew ew we ee) Uuntimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see ‘Note 4) woe ee ee we ee + 900 mW 
Operating free-air temperature range: _LM124 Sc ate Gd Rs ee Ee Ge Be Oe Te ced A Ge ae 8 —55°C to 125°C 
LM224 eB: > eS, He ok oe Se a we, me es So ee —25 C to 85 C 
LM324 OYE. Baht as Seedy ta Sita Sete & xi Ee aac Seed 0° C to 70 | =C 
Storage temperature range . . De ee ee ew ew ee ee) 665°C to 150° Cc 
Lead temperature 1/16 inch from case e for 60 seconds: J package be Gad wie wlth ide Ack a ig BOs aes BOOS 
Lead temperature 1/16 inch from case for 10 seconds: Npackage . . ..... 1... ee ee eee 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES LM124, LM224, LM324 
QUADRUPLE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc = 5 V (untess otherwise noted) 


PARAMETER TEST CONDITIONST a pee eee 
MIN TYP MAX MIN TYP MA 
t 
IQ Boge eer ae Voc = 5 V to 30 V | Full range 
| Pheu otieensaceran Vo=14V 
n set curren = 1. 
lO ibe aul 9 Full range 100 
lip Input bias current 
is 0 to Oto 
cc—t. cc—!. 
Vcc = 30 V 
Ox Oto Oto 
Full range 
Vec~2 Vec~2 
Vcc = 30 V, 
ce Full range 26 
Ry =2kQ2 
Vcc = 30V, 
ce Full range 27 
RL =10k2 


L 
R~ < 10 k2 Full range 


i ) 1 
Vo =1Vtoil1V, 
Full range 25 
70 


UNIT 


x 


3 


5 : 


Le) 
“io 


Ww 
Ww 
oO 


—45 —250 


n 


oO NO 
= 
a, on 
lon =) ~ 


Common-mode input 


Vv 
Hep voltage range 


nN 
li 


VOH High-level output voltage 


N 
; 
NO 
~ 
i) 
oe 


ol 
N 
o 


Low-level output voltage 


Large-signal differential 


voltage amplification 


8 


5 20 


Amplifier-to-amplifier coupling] f = 1 kHz to 20 kHz —120 
Full range —10 —20 
mA 
r 
: 
: 25°C 12 
Vo = 200 mV 


No signal Full range 


TAI characteristics are specified under open-loap conditions. Full range is —55°C to 125°C for LM124, —25°C to 85°C for LM224, and 0°C to 
70°C for LM324. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input fines. 


TYPICAL APPLICATION DATA 


lope me?) 
ayo 
oQ;a® 
oOo; 


‘ 
Oo 
N 
on 
— 
jo} 
oO 


| 
N 
=) 

| 
L 
o 


- 
°o 
t 
N 
° 


N 
Oo 
o 
N 
fo) 


Output current 


a 
foe] 


Supply current 


$3) 
Oo foe] 
—_ 
nN 
(1) 
oO 
3 = 
Ea e 


(four amplifiers) 


O OUTPUT A 


O OUTPUT B 


O OUTPUT C 


100 pF 


AUDIO DISTRIBUTION AMPLIFIER 
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LINEAR TYPES LM158, LM258, LM358 
INTEGRATED CIRCUITS DUAL OPERATIONAL AMPLIFIERS 


BULLETIN NO. OL-S 7612413, JUNE 1976 


e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 

Single Supply ... 3 V to 30 V Input Offset Voltage ...2mV Typ 

or Dual Supplies Input Offset Current ...3 nA Typ (LM158) 
© Low Supply Current Drain Input Bias Current ...45 nA Typ 

Independent of Supply Voltage : _@ Differential Input Voltage Range 

.0.5 mA Typ Equal to Maximum-Rated 

e Common-Mode Input Voltage Supply Voltage . . . #32 V 

Range Includes Ground Allowing e Open-Loop Differential Voltage 

Direct Sensing near Ground Amplification ... 100 V/mV Typ 


e Internal Frequency Compensation 
schematic (each amplifier) 


~ByA 
CURRENT CURR SENT =e) 
REGULATOR REGULATOR =e) 
oe 
description 


These devices consist of two independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single OUT. INV NON. GND 

supply over a wide range of voltages. Operation from ren NOT aut PAN GS IN-ECECTRISA LE CONTACT 
split supplies is also possible so long as the difference AMPLIFIER NO. 1 TTS SP re 
between the two supplies is 3 volts to 30 volts and 
Pin 4 is at least 1.5 volts more positive than the input 
common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 


_JGORP L 
DUAL-IN-LINE PLUG-IN 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) 


O OUTPUT AMPLIFIER NO. 2 
INVERTING 
input © 


OUT. INV” INV 
Vec+e PUT INPUT WWPUT 


° 
2 
= 
4 
- 
i 


Z ON 831d 1d 


Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM158 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional +15-volt supplies. 


absolute maximum ratings over peeeung eee bel ick ee rane wontess ome needy 


Supply voltage, Vcc (see Note 1)... , y Ga ae B2Y 
Differential input voltage (see Note 2) ah Ser tar BS Ne es Vee “> Eee a ede Br ee, Oy . . $32V 
Input voltage range (either input) . . is “ahs Se ca eee. Ven a a 0. 3 V to 32 V 
Duration of output short-circuit (one amplifier) to ground at (or below) 25° ton 
free-air temperature (Vcc < 15 V) (see. Note3)... soe ee ew we) 6UUNtimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 
JGorP package 2.04 6 foe ee ee we ee ee ee ke ek ee ee a 2 900mW 
L package ... Bl: OOO a he a ee Ae we ay A ae de eles Ae lee Ue MAD af Je me ee we 6 (2 OW 
Operating free-air temperature range: EM168) cs eg Sew ‘go ee oo ae en OSS YH AG. go 5B CO 16.125-C 
UM 268 se te ce ek ee KS me Se ae nw ye SS OTE BS C 
UM358° 3. goa we a dS, ee Pe SG oe & wo 4S DC10 70°C 
Storage temperature range . . BB be. sen ck eae ae Beck Ue ae 2 Ae OS OT0150 © 
Lead temperature 1/16 inch from case for 60 seconds: ‘IG or P package te eS 2 a a Be ee ae B00 -* 
Lead temperature 1/16 inch from case for 10 seconds: Npackage .......2.2.2.2.2.4.4.4. 4. . . 260°C 


NOTES: 1. All voltage vatues, except differential voltages, are with respect to the network ground terminal. 
2. Oifferential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vce can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES LM158, LM258, LM358 
DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


Average temperature coefficient 
avid : Full range 7 
of input offset voltage 


Average temperature coefficient 
a Full range 
HO : 
of input offset current 
| Vo =1A4V, | asc | 45-150 | 

i ons | = 300 | 


See Note 5 Full range —300 
Common-mode input 


A 


—45 -—250 
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=~ 
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wn 
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rt 
Qa 
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=x 
is) 
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Ein 
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53/0 
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wo 
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io) 
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D< 
- Oo 
1 
ie) Ul 
| 
< 
H 
— 
a 
= 
ta 
9°) 
; 
ron) 
NO 
oO 
ce) = 
> < 3 
< |3 < < a S z 


voltage range 


NO 
~“ 
N 
foe] 


Vcc = 30 V, 
Full range 27 28 
RL = 10k2 
VOL Low-level output voltage R_ <10k2 5 20 
V Maximum peak-to peak Bi Deaaey 25°C y 1S Vv 15 
OPP output voltage swing L cc~": cee 
Vo=1VtollV, 


CMRR Common-mode rejection ratio | Rg <10k2 70 85 
< 


AVcc/AV 19 Supply voltage rejection ratio | Rg < 10k2 65 100 
Amplifier-to-amplifier coupling | f = 1 kHz to 20 kHz —120 


0 as 
0 
5 
2 


ol 


N 
‘| 


Large-signal differential 


AvD VimvV 


voltage amplification 


~~ 
(=) 
ise] 
oT 


| 
N 
Oo 

I 
b 
o 


3 
> 


Vcc =15V, 
Vip=-1V, 
Vo = 200 mv 
Vip=-1lVy, 

Ip 25°C 1 50 
Vo = 200 mV 


Supply current No load, 
(two amplifiers) No signal Full range I ats pe 2 


TAN characteristics are specified under open-loop conditions. Full range is —55°C to 125°C for LM158, —25°C to 85°C for _M258, and 0°C to 
70°C for LM358. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 
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Output current 
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LINEAR TYPE LM2902 
INTEGRATED CIRCUITS QUADRUPLE OPERATIONAL AMPLIFIER 


BULLETIN NO. DL-S 7612291, MARCH 1976—REVISED JUNE 1976 


e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 
Single Supply ... 3 V to 26 V Input Offset Voltage ...2mV Typ 
or Dual Supplies Input Offset Current ...5nA Typ 
© Low Supply Current Drain Input Bias Current. ..45 nA Typ 
Independent of Supply Voltage e Differential Input Voltage Range 
. 0.8 mA Typ Equal to Maximum-Rated 
e Common-Mode Input Voltage Supply Voltage . . . +26 V 
Range Includes Ground Allowing e Open-Loop Differential Voltage 
Direct Sensing near Ground Amplification... 100 V/mV Typ 
schematic (each amplifier) - @ Maximum Peak-to-Peak Output 


Voltage Swing... Vcc—1.5 V Typ 
e Internal Frequency Compensation 


JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


AMPLIFIER NO. 4 AMPLIFIER NO. 3 


O OUTPUT f INVERT- NONIN- * NONIN- INVERT- 
ING VERTING VERTING ING 


INVERTING. 
INPUT OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT 


TO OTHER 
AMPLIFIERS 


description 


This device consists of four independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply as in automotive systems. Operation from split 


. . . . OUTPUT INVERT- NONIN- . : P 
supplies is also possible so long as the difference INC MERTING’ CU'NERTINE IN 
between the two supplies is 3 volts to 26 volts and ee ee IEEE aNEUE 
Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1 AMPLIFIER NO. 2 


common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 


Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM2902 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional + 15-volt supplies. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (seeNote1) 2 6. ee ee eee ee ee 2B 
Differential input voltage (see Note 2) 6 ww wwe ee ee ee ee ee ee) ERB 
Input voltage range (either input) . . . Pate Ee are = “O39 Ve: 26V 
Duration of output short-circuit (one amplifier) to ground at (or below) 25° °C 

free-air temperature (Vcc < 15 V) (see Note3)..... woe ee ew ew ee ee) 6uNtiMited 
Continuous total dissipation at (or below) 25°C free-air temperatute Gee Note 4) woe ee ee ew ew ee). 900 mW 
Operating free-air temperature range... 1. ee ee ee ee ee ee 40°C to 85°C 
Storage temperature range . . Le ee ee ee ew ee) 6 BEPC to 150°C 
Lead temperature 1/16 inch from c case e for 60 seconds: J package bo he DS ads Wd al ae Be GAR S&S. G. BODE 
Lead temperature 1/16 inch from case for 10 seconds: N package. . . ...... 2. ee eee es 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4, For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


TEXAS INSTRUMENTS 


TYPE LM2902 
QUADRUPLE OPERATIONAL AMPLIFIER 


electrical characteristics at 25°C free-air temperature, Vcc = 5 V (unless otherwise noted) 


Common-mode input 
VICR 


voltage range 


V High-level output volta 
On a e ” Vec=24V, Ry > 10k 


VOL Low-level output voltage Ri <10k2 


Large-signal differential 
A Voc =15V, Ry = 2kQ, Vo =1Vtol11V 
VD voltage amplification ce L 0 


CMRR Common-mode rejection ratio | Rg < 10k 
AVcc/AVi¢ Supply voltage rejection ratio | Rg < 10k2 
Amplifier-to-amplfiier coupling | f = 1 kHz to 20 kHz 


Vcc =15V, Vip=1V, Vo =0V 
Output current Vcc =15V, Vip=-1V, Vo=25V 
Vip=-1V, Vo = 200 mv 


T All characteristics are specified under open-loop conditions. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


TYPICAL APPLICATION DATA 


O OUTPUT A 


O OUTPUT B 
AUDIO 
INPUT 


O OUTPUT C 


100 uF 


AUDIO DISTRIBUTION AMPLIFIER 


en a et ene ey 


Printed in U.K. F 
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LINEAR TYPE LM2904 
INTEGRATED CIRCUITS DUAL OPERATIONAL AMPLIFIER 


BULLETIN NO. DL-S 7612402, JUNE 1976 


e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 
Single Supply ...3 V to 26 V Input Offset Voltage ...2mV Typ 
or Dual Supplies Input Offset Current ...5nA Typ 

© Low Supply Current Drain Input Bias Current ...45 nA Typ 
Independent of Supply Voltage e Differential Input Voltage Range 
...0.5 mA Typ Equal to Maximum-Rated 


Supply Voltage... +26 V 


¢ Common-Mode Input Voltage 
Range Includes Ground Allowing @ Open-Loop Differential Voltage 
Direct Sensing near Ground Amplification ... 100 V/mV Typ 
schematic (each amplifier) - e Maximum Peak-to-Peak Output 
Voltage Swing... Vcc—1.5 V Typ 
sabe e Internal Frequency Compensation 
JG ORP 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


O OUTPUT AMPLIFIER NO. 2 
INVERTING. 
INPUT 


aByA 
CURRENT 
REGULATOR 


NON- 
OUT. INV INV 
Vcec+ PUT INPUT INPUT 


NON. 
INVERTING O 
INPUT 


© (0R Vec-) 
TO OTHER 
AMPLIFIERS 


description 


This device consists of two independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply as in automotive systems. Operation from split 
supplies is also possible so long as the difference 


between the two supplies is 3 volts to 26 volts and ral ee piety GND 
Pin 8 is at least 1.5 volts more positive than the input INPUT 


common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 


AMPLIFIER NO. 1 


Applications include transducer amplifiers, d-c ampli- 
fication blocks, and all the conventional operational 
amplifier circuits that now can be more easily 
implemented in single-supply-voltage systems. For 
example, the LM2904 can be operated directly off of 
the standard five-volt supply that is used-in digital 
systems and will easily provide the required interface 
electronics without requiring additional +15-volt 
supplies. 


AMPLIFIER NO. 1 
Z ON ¥31FdI dW 


NON-INV NON.-INV 
INPUT INPUT 


PIN 41S IN ELECTRICAL CONTACT 
WITH THE CASE. 


TEXAS INSTRUMENTS 


TYPE LM2904 
OPERATIONAL AMPLIFIER 


a 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 6 6 ee 26 V 
Differential input voltage (see Note 2) Ee, ip Gale deh oh GSO St hich dee oe Chie ee ee, Be 
Input voltage range (either input) Bn a, eo ach ig, 2 ah wae ph ths Se, Se ~—0.3 V to 26 V 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 
free-air temperature (VCC <15V) (see Note 3) 2. we ee unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): JG or P package . . . . 680 mW 
L package 2. . . 625 mW 
Operating free-air temperature range © 6 6 we —40°C to 85°C 
Lead temperature 1/16 inch from case for 60 seconds: JGor Lpackage. ©. ©» - se ee ee ee es 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Ppackage . . - . 1 ee ee ee ee ee es 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 


4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at 25°C free-air temperature, VCC = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt TYP MAX} UNIT 


Common-mode input 
voltage range 


Vv High-level output volta 
OH : sis Voc = 24V, RL >10k2 
OL ; 


V Low-level output voltage 


Large-signai differential 
A Vcc =15V, 
v0 voltage amplification ce 


CMRR Common-mode rejection ratio 
AVcc/AVi¢ Supply voltage rejection ratio 


Amplifier-to-amplfiier coupling | f = 1 kHz to 20 kHz 


t All characteristics are specified under open-loop conditions. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


TYPICAL APPLICATION DATA 


Voc+ 
SELECT VALUES FOR: CALCULATE: 
Q 
= R1 = R3 = R5 = —— 
C1 and C2 woC 
where C1 = C2 R2 = Ri 
Wo = 2nfo Padqare gees 
K K-Q 
K 
R1-K-: 
K is selected to R4 = Rohs 
optimize sensitivity 20-1 
and is typically Sites: 
between 1 and 10. Be 
MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER 
Printed in U.K. 
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TYPES MC1558, MC1458 
LINEAR INTEGRATED DUAL GENERAL-PURPOSE 
CIRCUITS OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7611457, FEBRUARY 1971—REVISED JUNE 1976 


FORMERLY SN52558, SN72558 


JG OR P 


Be eet . DUAL-IN-LINE 
e Short-Circuit Protection PACKAGE 


(TOP VIEW) 


@ Wide Common-Mode and 
Differential Voltage Ranges AMPLIFIER NO. 2 


NON 


@ No Frequency Compensation Required Voce PUT INPUT INDUT 


e Low Power Consumption 
e No Latch-up 


e Designed to be Interchangeable with 
Motorola MC1558/MC1458 and Signetics 


$5558/N5558 
OUT. INV NON. Vcc- 
description POT INPOT PUT 
AMPLIFIER NO. 1 
The MC1558 and MC1458 are dual general-purpose 
Operational amplifiers with each half electrically sim- L PLUG-IN PACKAGE 
ilar to uA741 except that offset null capability is not (TOP VIEW) 
provided. 


The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
vaitage-follower applications. The devices are short- 
circuit protected and the internal frequency compen- 
sation ensures stability without external components. 


AMPLIFIER NO. 1 
2 ON Y31S1 1d 


The MC1558 is characterized for operation over the 
full military temperature range of —55°C to 125°C; 


the MC1458 is characterized for operation from PIN 4 1S IN ELECTRICAL CONTACT 
0°C to 75°C WITH THE CASE. 


a 

ne 
Supply voltage Voc_. (see Note 1) ~—22 | 1B | 
Differential input voltage (see Note 2) +30 
Input voltage (any input, see Notes 1 and 3) +15 

unlimited 


Each amplifier 
JG or P package 680 

Total package 

L package 625 625 

Operating free-air temperature range —55 to 125 0 to 75 id 


Lead temperature 1/16,inch from case for 60 seconds JG or L package 300 
Lead temperature 1/16 inch from case for 10 seconds 260 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 


+E 


ts 
ra) 

3 

= 


Continuous total dissipation at (or below) 25°C 


free-air temperature (see Note 5) 


QO 


Ww 
S 

° 
one) 


S 
Oo 
(>) 


zero reference level is the midpoint between Vcc+ and Vcc_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is tess. 

4. The output may be shorted to ground or either power supply. For the MC1558 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 


5. For operation above 25°C free-air temperatura, refer to Dissipation Derating Curves, Section 2. 


TEXAS INSTRUMENTS 
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TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VCC— = —15V 


UNIT 


= 
2 
< 
vw 


+ 
wlrly = 
SISjalal® 


N 
% 
re) 
N 
fs) 
8 
nN 
° 


>] 


Fullrange | 500 


| Input bias current 
ee Full range 
¥ 25°C +12 +1 
nput voltage ran 
| i‘ . Full range +12 


A> 24a | Full ange | 
Vo = #10 | Fuitrange | 25 


Vo2:+10V, 


Avo =}, 
THD < 5% 


N 
on 
; 
fe.*) 
o 
on 
8 
© 
°o 
orn 
3/8 


< |e 


WwW 


+12 +13 
+12 


Maximum peak-to-peak 
Output voltage swing 


200 


1°] 
oO 
N 
o 


Large-signal differential 200 


voltage amplification 


D 
fas 
N 
N 
x 
+e) 
Nn 
ao 
fe} 
' 
N/ NR 
o| oO 
nN 
a ro) 
N i) 
° > 
N N 
o @ 
= 
3 < 
< 


Maximum-output-swing 7 
z 
bandwidth (closed-loop) 


id 
33] 

° 
oO 


A Gain margin eee 


tj Input resistance 


Output resist bic 25°C 
r resistan 
° is sede ied See Note 6 


Common-mode ‘ 
Zic f = 20 Hz 25°C 


ie 709 
CMRR Common-mode rejection ratio | Rg < 10k2 
Full range 70 


25°C 3 


~ 
on 
~ 
a 


N 
% 
ro) 
i) 
i) 
N 
° 
w 
NO 


5 

3 

5 

5 

& 

o 

5 

® 
~) 
3 
= 
+e) 


oO 
—_ 


5 
uV/V 


°o 


° 
~itw 
o|°o 

8 


Equivalent input 


Vn noise voltage H 


(closed-loop) 


=] 
= 
2 


iad 
N 
oa 
I+ 
r. 
° 
3 
> 


Short-circuit output current 


lec Supply current 
(Both amplifiers) No signa 

p Total power dissipation No load, 
gs (Both amplifiers) No signal 


Vo1!Vo2 Channel separation a Eee 


170 


+ 

N 

a 

+ 

a 

° 
1 | 


tAIl characteristics are specified under open-loop operation, unless otherwise noted. Full range for MC1558 is —55°C to 125°C and for 
MC 1458 is O°C to 75°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, TA = 25°C 


PARAMETER 


V;=20mV, RL =2k8, 
Overshoot factor Cy = 100 pF, See Figure 1 


Vj=10V, RL=2k2, 


Stew rate at unity gain é 
C, = 100 pF, See Figure 1 


TEXAS INSTRUMENTS 


TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


TO OTHER 
AMPLIFIER 
INVERTING 


INPUT 
© Vcc+ 


NON- 
INVERTING o 
INPUT 


0 OUTPUT 


° Vcc 


TO OTHER 
AMPLIFIER 


COMPONENT VALUES SHOWN ARE NOMINAL 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


INPUT VOLTAGE 
WAVEFORM 


Cy = 100 pF RL 2kn 


TEST CIRCUITS 


FIGURE 1—RISE TIME, OVERSHOOT, 
AND SLEW RATE 


ame mm gt en TY 
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TYPES MC1558,MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK 


INPUT OFFSET CURRENT INPUT BIAS CURRENT OUTPUT VOLTAGE 
vs vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE LOAD RESISTANCE 


11O—Input Offest Current—nA 
11p—!nput Bias Current—nA 


. Vopp~Maximum Peak-to-Peak Output Voltage—V 


-~60 -40 -20 0 2 40 60 80 100 120 140 -60 -40 ae 20 40 60 80 100 120 140 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—"C R__—Load Resistance—ks? 
FIGURE 2 FIGURE 3 FIGURE 4 
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL 
MAXIMUM PEAK-TO-PEAK DIFFERENTIAL DIFFERENTIAL 
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs vs 
FREQUENCY SUPPLY VOLRAGE FREQUENCY 
40 

i TTT LEM | z 

A f i 
Ps I 3 : 
7 r= a 
o < 
SHIM | A 5 : 
2M) : 
ae IN | 3 ; 
SM CM NM Cg : 
A LETT LLM TAM TT 2 
) KN] > 

© CUT TUM PUI 2 


100 1k 10k 100 k 1M oe Oe ns By IDs 92s Rs Ae Ie ee 1 10 100 tk Wk 100k 1M 10M 100M 


IVec, | -Supply Voitage—v 


f-Frequency—Hz {—F requency—Hz 


FIGURE 5 FIGURE 6 FIGURE 7 
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 
vs vs VOLTAGE-FOLLOWER 
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE 
1 8 
$ 6 
5 
z z 4 
(“ > 3 
§ E & 
| = 2 
: : 3 
; g Zo 
5 2 
E ; : 
3 S e -4 
« 
« 
5 -6 
-8 
1 10 100 Ik 10k 100k 1M 10M 100M (0) 10 20 3% 4 50 660 70 80 90 
f—Frequency—Hz t—Time—-us t-Time—us 
FIGURE 8 FIGURE 9 FIGURE 10 
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LINEAR INTEGRATED TYPES RM4136, RC4136 
CIRCUITS QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BUtLETIN NO. DL-S 7612368, MARCH 1976 


Continuous-Short-Circuit Protection 


e Wide Common-Mode and JORN 
Differential Voltage Ranges DUAL-IN-LINE PACKAGE (TOP VIEW) 


e No Frequency Compensation Required 


. AMPLIFIER NO. 4 AMPLIFIER NO. 3 
e@ Low Power Consumption 
INV NON-INV OUT- OUT- NON-INV INV 
e No Latch-up INPUT INPUT PUT VcC+ PUT INPUT INPUT 


e Unity Gain Bandwidth 3 MHz Typical 
e Gain and Phase Match Between Amplifiers 


e@ Designed to be Interchangeable with 
Raytheon RM4136 and RC4136 


description 


The RM4136 and RC4136 are quad high-performance 
operational amplifiers with each amplifier electrically 
similar to uA741 except that offset null capability 
is not provided. 


The high common-mode input voltage range and the INV. NON-INV OUT- OUT- NON-INV INV Vcec_ 
absence of latch-up make these amplifiers ideal for NPUT INPUT PUT (PUT __INPUT INPUT | 


voltage-follower applications. The devices are short- AMPLIFIER NO. 1 
circuit protected and the internal frequency comp- 
ensation ensures stability without external 
components. 


AMPLIFIER NO. 2 


The RM4136 is characterized for operation over the 
full military temperature range of —55°C to 125°C; 
the RC4136 is characterized for operation from O°C 
to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) a ae 
+30 


[ Supply voltage Voc—(weNow 1) ot 
[Differential input voltage (we Nowe) SSCS 280d 
[ Duration of output short-circuit to ground, ore amplifier ata time (See Note 4) | unlimited | unlimited |] 
me 
[Operating freeairtempersivrerangeSSCSCSCS*CS~C~“~“~‘“~*~*~“‘~*tSC‘ RT| OTOL OY 
8510 150 | “C 
[Lead temperature 1/16 inch from case for 60seconds__——~—=«di'dpackae ~~ —300~=S«Y SC —*d; 
[ Lead temperature 1/16 inch from case for TOseconds | Neackage | 260 | 260 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc and Vcc_. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 


on & WN 


. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


mmm a Eee 
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TYPES RM4136, RC4136 | 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VcC— = —15 V 


PARAMETER TEST CONDITIONSt ae ee 
MIN TYP MAX |] MIN TYP MAX 
y Input offset volt eT 
nput offset volta < 
10 pe - s Full range 
5 
ho Input offset current 


NIT 


~ 
oi 


3 
< 


Full range 


4080 
lig Input bias current 
Full range 


Vi Input voltage range + + 
| AL = 1040 24 2B 
Maximum peak-to-peak > 
output voltage swing 
Ry_ =2k2Q = | Full range 
ss Large-signal differential R_ >2kQ, 50 350 
vO voltage amplification Vo =+10V | Full range 25 
By Unity-gain bandwidth 2 35 
fj Input resistance 


CMRR Common-mode rejection ratio 10k 70 90 
AVio/AVcc Supply voltage sensitivity Rs <10kQ 
oe) 


Equivalent input 


> 

o 
Oj} m 
8/8 
3 

> 


8 
oa 
N 
8 
Cc 


+ 
—_ 
N 
+. 
ek 
5-5 
i+ 
—_ 
NO) 
+ 
—_ 
> 


VoPP 


= 
3 < 
< 


= 
+e) 


oO 
© 


~ 
oO 
.s 
= 
< 


Vn noise voltage 
(closed-loop) 


a _ 


0 


No load, 
No signal! 


Supply current 
(All four amplifiers) 


ao 
—= 
Ww 
~ 


N 
ol 
° 
j 


No load, 
No signal 


Total power dissipation 
. \d 40: 


(All four amplifiers) 


[open oop [Ag =? ka 
Vo1/Vo2 Channel separation . 


TAH characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is —55°C to 125°C and for 
RC4136 isO C to 70 C. 


operating characteristics, Vcc+ = 15 V, VcCc— = —15 V, TA = 25°C 


ana VV, =20mV, RL =2k2, 
; : V,=10V, RL =2ka2, 


schematic (each amplifier) 


ES 

2 

| 
> 

het 

@ 

° 

> 

=) 


PF RCAIE ay 
MIN TYP MAX 


Vec+ 


INVERTING 
INPUT 


NONINVERTING 
INPUT 


OUTPUT 


Vec-— 


Renae II TS TT 
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LINEAR INTEGRATED TYPES RM4558, RC4558 
CIRCUITS DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612365, MARCH 1976 


JG OR P 


Continuous-Short-Circuit Protection DUAL-IN-LINE 
e Wide Common-Mode and PACKAGE 
Differential Voltage Ranges (TOP VIEW) 


e No Frequency Compensation Required poets uae 
e Low Power Consumption voce UF wy wih, 
e No Latch-up 
e Unity Gain Bandwidth 3 MHz Typical 
e@ Gain and Phase Match Between Amplifiers 
e Designed to be Interchangeable with 
Raytheon RM4558 and RC 4558 
description 


GO sam "a YO 
The RM4558 and RC4558 are dual general-purpose 
operational amplifiers with each half electrically 
similar to uA741 except that offset null capability 


is not provided. 


AMPLIFIER NO. 1 


L PLUG-IN PACKAGE 
(TOP VIEW) 


The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short- 
circuit protected and the internal frequency comp- 
ensation ensures stability without external 
components. 


AMPLIFIER NO. 1 
7 ON HFS NY 


The RM4558 is characterized for operation over the 
full military temperature range of —55°C to 125°C; 


the RC4558 is characterized for operation from O°C 
to 70°C. PIN 41S IN ELECTRICAL CONTACT 


WITH THE CASE. 


Supply voltage Vcoc+ (see Note 1) 

Supply voltage VcCc_ (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (any input, see Notes 1and3) 

Duration of output short-circuit to ground, one amplifier at a time (see Note 4) 
Continuous total dissipation at (or below) 


25°C free-air temperature (see Note 5) 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vec+ and Vcc_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
5 


. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES RM4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VCC— = —15 V 


MIN TYP 
rc | 
a Cs 
i, ee 
ho Input offset current 
e : 


UNIT 


= 


Vv 


3 
> 


oa 
Nin 
5 > 
S lin x 
3 


,= 
oO 
oi 
=) 


4800 
1 Input bias current 


Full range | _____1800 | 
Vv Input voltage range 
Ry =10k2 2428 
Maximum peak-to-peak a 
output voltage swing 
vb voltage amplification Vo =+10V | Full range i 
Bi Unity ain bandwith pe een a 
Tr Inputresistance [os 5 
CMRR Common-mode rejection ratio Rs < 10k 70 90 
OVi9/A4Vcc Supply voltage sensitivity Rs < 10k 


Equivalent input 


3 
> 


H+ 
az 
NO 
I+ 
—_ 
> 
# 
—_ 
NO 
+ 
—_ 
> 
3 


NO 
fs 
nN 
ee) 


VoPP 


Oo 


nN] N 
oO 
8) 
oO 
o 


2 i= 
ojz] 2 


= 


a) 
=) 
o 
o 


wV/V 


3 
= 
a 


Vn noise voltage H 


(closed-loop) 


Supply current 
(Both amplifiers) 


Tota! power dissipation No load, 


(Both amplifiers) No signal 


Vo1/V Channel digg eeoeR ss = 
anne separation 
aioe Pe Avyp = 100| f = 10 kHz 


TAIL characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4558 is —55°C to 125°C and for 
RC4558 is O°C to 70°C. 


slolx 
o|a|a 


operating characteristics, VCC+ = 15 V, Vcc— = —15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS = ile 
MIN TYP MAX MIN TYP MAX 


2 P Vv; =10V, RE =2kQ, 
SR Slew rate at unity gain 
CL = 100 pF 


schematic (each amplifier) 


Voc+ 
INVERTING 
INPUT 
NONINVERTING 
INPUT 
OUTPUT 
Vec- 
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LINEAR TYPES TLO22M, TLO22C 
INTEGRATED CIRCUITS DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612038, SEPTEMBER 1973—REVISED JUNE 1976 


FORMERLY SN52L022, SN72L022 
e Very Low Power Consumption e Low Input Offset Voltage 


e Typical Power Dissipation with +2-V e Internal Frequency Compensation 
Supplies ... 170 u.W 


e Low Input Bias and Offset Currents 


e Latch-Up-Free Operation 


e Popular Dual Op Amp Pin-Out 
e Output Short-Circuit Protection 


description 


The TLO22 is a dual low-power operational amplifier designed to replace higher-power devices in many applications 
without sacrificing system performance. High input impedance, low supply currents, and low equivalent input noise 
voltage over a wide range of operating supply voltages result in an extremely versatile operational amplifier for use in a 
variety of analog applications including battery-operated circuits. Internal frequency compensation, absence of latch-up, 
high slew rate, and output short-circuit protection assure ease of use. 


The TL022M is characterized for operation over the full military temperature range of —55°C to 125°C; the TLO22C 
is characterized for operation from O°C to 70°C. 


terminal assignments 


JP OR P L 
DUAL-IN-LINE PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) 


AMPLIFIER NO. 2 


NON. 
UT. INV INV 
Vec+ PUT INPUT INPUT 


a 
° 
2 
hg 
4 
x 
a 
a 
= 
< 


7 ON YSIS TTI 


Vec- 
QUT: Tiny WON Voc PIN 41S IN ELECTRICAL CONTACT 
aa ie WITH THE CASE 


AMPLIFIER NO. 1 


Supply voltage Vcc+ (see Note 1) 


Supply voltage Vcc_. (see Note 1) 
Differential input voltage (see Note) 
Input voltage (any input, see Notes 1 and 3) 
Duration of output short-circuit (see Note 4) as 


free-air temperature range (see Note 5) 


Continuous total dissipation at (or below) 25°C aces 
Total package 
Operating free-air temperature range 


Storage temperature’ range —65 to 150 —65 to 150 °C 
Lead temperature 1/16 inch from case for 60 seconds JG or L package 
Lead temperature 1/16 inch from case for 10 seconds |P package | 


260 - 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltage where the 


zero-reference level is the midpoint between Vcc and Vcec-—. !f the zero-reference level of the system is not the midpoint of the 
supply voltages, all voltage values must be changed accordingly. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the TLO22M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 
For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TLO22M, TLO22C © 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, Vcc— = —15 V 
TLO22M 


MIN TYP MAX 
25°C 5 t 
B 
! 


TLO22C 
MIN TYP MAX 


b 
on 
—_ 
ae 
ml on 


oO 
_ 
ao 
ies] 
o 
=) 


c 
= 2 
> > < 


s 


N 
ao 


. 25°C 50 =«100 100 250 
Input bias current 
Full range 0 400 
25°C + +13 +12 
V input voltage range 
Full range + 


v Maximum peak-to-peak Ry = 10k 20 26 
oe output voltage swing RL > 10k 20 


voltage amplification Vo =#10V 72 
Ta; Unity gin bonawiath sd 
25°C 


ee Cc 
CMRR Common-mode rejection ratio 
Full range 


301650 
Full range 150 


25°C 


+ 
+ 
~~ 
Ww 


+] 
—s — 
NO) NM 
| 


n 
oO 
© 
io) 


fo?) 
oO 


nN] 
Ino) 
N 
I 
s 
A < < 
N 


oO 


io?) 
Oo 
~“ 
NO 


AVi0/AVcc Supply voltage sensitivity 


3 
= 
a 


Equivalent input noise voltage H 


n 
a 
(Both amplifiers) No signal 200 
(Both amplifiers) No signal 


Tall characteristics are specified under open-loop operation, unless otherwise noted, Full range for TLO22M is —55°C to 125°C and for 
TLO22C is O°C to 70 C. 


+ a] 
(op) oO 


3 
> 


A 


3 
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operating characteristics, VcC+ = 15 V, Vcc— = —15 V, TA = 25°C 


PARAMETER TEST CONDITIONS 


TLO22M TLO22C 


UNIT 
MIN TYP MAX] MIN TYP MAX 


0.5 


oO 
wo 


MS 
= Vj=10V, RL =10k2, 
SR Slew rate at unity gain 0.5 V/us 
CL =100pF, See Figure 1 


En pp CE I ES TT ETE TD EET AE EE ED 
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TYPES TLO22M, TLO22C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS © 


PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS 


TOTAL DISSIPATION 
vs 
SUPPLY VOLTAGE 


aa) 2A GR OS ee Se 
i 
No load cl 
: | 

No signal | | 
Ta = 25°C as S| 
LL 


Sa ae2e 


BEBZAEE 


INPUT VOLTAGE 
WAVEFORM 


CL + 100 pF Ri: 10 kk 


TEST CIRCUIT 


| 
ed 
a 
| 
= 
td 
= 
at 
= 2 
a 
=a 
=~ 


PLETE TNT 


Pp—Total Dissipation—mW 


0 2 4 6 8 10 12 14 16 18 20 


MVcc+|-Supply Voltage—V 
FIGURE 1—RISE TIME, OVERSHOOT FACTOR, 


AND SLEW RATE FIGURE 2 


schematic 
OUTPUT 
SSS SS SS SS SS ae a a a ees 
| EACH AMPLIFIER eal rch ieee 
| Vcc+ 
| TO OTHER 
| AMPLIFIER 
| 
| 
| 
INVERTING | 
INPUT | 
NON- | 
INVERTING 
INPUT 
Vcc 
TO OTHER 
SECTION 
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LINEAR — 
INTEGRATED CIRCUITS 


TYPES TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


BULLETIN NO. OL-S 7612039, SEPTEMBER 1973—REVISED JUNE 1976 


FORMERLY SN52L044, SN72L044 


e Very Low Power Consumption 


e Typical Power Dissipation with +2-V 
Supplies... 340 u.W 


e Low Input Bias and Offset Currents 


e Output Short-Circuit Protection 


description 


The TLO44 is a quad low-power operational amplifier 
designed to replace higher-power devices in many 
applications without sacrificing system performance. 
High input impedance, low supply currents, and low 
equivalent input noise voltage over a wide range of 
operating supply voltages result in an extremely 
versatile operational amplifier for use in a variety of 
analog applications including battery-operated 
circuits. Internal frequency compensation, absence of 
latch-up, high slew rate, and output short-circuit 
protection assure ease of use. Power may be applied 
separately to Section A (amplifiers 1 and 4) or 
Section B (amplifiers 2 and 3) while the other pair 
remains unpowered. 


The TLO44M is characterized for operation over the 
full military temperature range of —55°C to 125°C; 
the TLO44C is characterized for operation from O0°C 
to 70°C. 


Vec+ OUT. INV INV 
SECT A PUT 


PUT INPUT INV 


Low Input Offset Voltage 

Internal Frequency Compensation 
Latch-Up-Free Operation 

Power Applied in Pairs 


JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


NON. NON. 
Vcc- INV INV OUT. 


INPUT INPUT SECTB INPUT INPUT PUT 


INV NON. NON. INV OUT. Vecc+ 
SECTA INV INPUT PUT SECTB 


INPUT INPUT 


Pins 4 and 12 are internally connected together in the N package only. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 

Supply voltage Vcc_ (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (any input, see Notes 1 and 3) 
Duration of output short-circuit (see Note 4) 
Continuous total dissipation at (or below) 25°C 
free-air temperature range (see Note 5) 


Each amplifier 
Total package 


. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltage where the 


zero-reference level is the midpoint between Vcc} and Voc_. If the zero-reference tevel of the system is not the midpoint of the 


supply voltages, all voltage values must be changed accordingly. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voitage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the TLO44M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature, 
5, For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VcC— = —15 V 


TLO44M 
PARAMETER Testconoitionst | ___Te0e4M__|_TLaaac 
MIN TYP MAX | MIN TYP MAX 
Vio Input offset voltage Rs < 10 kQ 
Te) Input offset current 
iB 
| 


~ 
ao 


25°C 
Full range 


25°C + 
Vopp nisainut Peatetospeek 
output voltage swing Full range 20 


RLS 10 Ka, 72 
Vo = #10V 


+ 

i+ 
= 
wo 


V Input voltage range 


25°C 
Input bias current 
Full range 


N 


I+ | | 
i Oe ne ny 
O}O;NIN 
} 
NO 
a 


oO 
oO 


i 
~“N 
nN 


Full range 


u volta sen VI 
see eo see ; Fullrange [=~ | SS~« 


Equivalent input noise voltage 
° 
fe} 


igs Shortcirvitoutputeurent «| stad CS 
(Four amplifiers) No signal 
(Four amplifiers) Nosignal _[Fuilrange | 12 | SSS~wS' 

TAII characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO44M is —55°C to 125° and for 


TLO44C is O°C to 70°C. 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


TLO44M TLO44C 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX |MIN TYP MAX 


SR SI tee Vj=10V, = RL = 10kQ, v/ 
ew rate at 
w rate at unity gain CL =100pF, See Figure 1 ss 


TEXAS INSTRUMENTS 


103 


TYPES TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS 


TOTAL DISSIPATION 
vs 
SUPPLY VOLTAGE 


10 EY Ge ( GE Ge ee GE ee eee 
ss ee Se ee ee 
7 LE No load SS RS RN CE ees DO 
Came SRR NC Ol (RS CR CRS 
No signal eae eae Ps GO Me Eee Ee 
4 asl ee ae ee ee ee 
I oe at ee 
OUTPUT 6 2 Py 
me ay EY — 8 TYE ELLE EL 
ea PE Sy 4 A) ED Gee GS) RR GR) Ee Ge 
a Pe es eee 
NEST Nees se sa er ce ey om ee GER eae Se Sa SEL) CS COE 
WAVEFORM ko eaaaes Sy ates ama (ae eae eae (ie 1 es 
I Te 7 eae | CGR Vii (ie es Sere: eee (ae Dae eee 
fe) [eae (a a (a Sa i 


TEST CIRCUIT 


i as a 
pete Weel csi le Weed hed 


0.1 RERELIGREE 
0 


2 4 6 8 10 12 14 16 18 20 


Vcct|-Supply Voltage—V 
FIGURE 1—RISE TIME, OVERSHOOT FACTOR, 


AND SLEW RATE FIGURE 2 


schematic (each section) 


r COMMON TO BOTH “7 
| AMPLIFIERS Voce 


TO OTHER 
AMPLIFIER 


INVERT IAG 
INPUT 


NON. 
INVERTING 
INPUT 
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FUTURE PRODUCT TYPES TLO81AC AND TLO8IC 
TO BE ANNOUNCED JFET-INPUT OPERATIONAL AMPLIFIERS 


JUNE 1976 


JFET Input Stage No Frequency Compensation Required 


@ High Input Impedance. .. 109 2 Typ e Continuous-Short-Circuit Protection 
e High Slew Rate Typically 9 V/us e Unity Gain Bandwidth ...3MHz Typ 
e Low Input Bias Current ...2nA Typ e No Latch-Up 
e Low Input Offset Current ...0.2 nA Typ e Low Power Consumption 
description JG ORP L 
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE 
(TOP VIEW) (TOP VIEW) | 


This monolithic JFET-input operational amplifier 
incorporates well-matched, high-voltage BI-FET eae eo mance 
technology (JFET's on the same chip with standard 

bipolar transistors). The device features low input 
bias and offset currents, low offset voltage and offset 
voltage temperature coefficient, coupled with offset 
adjustment that does not degrade temperature 
coefficient or common-mode rejection. 


The TLO81C is characterized for operation from 0°C 


BAL. INV NON. Vcc_ 
to 70°C. eee Ree PIN 41S IN ELECTRICAL 
ee CONTACT WITH THE CASE 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 2 2. 6 6 18V 
Supply voltage Vcc— (seeNote1) 2. 2 2 2 ee ee ee eee TB 
Differential input voltage (see Note2) 6 ww we ee ee ee ee ee ee FBOV 
Input voltage (see Notes 1 and3) 7 6 ww ee ee ee ee ee. ETE 
Duration of output short-circuit (see Note4) . .... gi she te wa. eer, aoa SE vs dnlinited 
Continuous total dissipation at (or below) 25°C free-air feciparnture isee Note 5) a oY 0 an) 
Operating free-air temperature range. 2 2 6 ee ee ee ees OPC tO 70°C 
Storage temperature range ... . as ewe 8 a oe 65°C t0-150°C 
Lead temperature 1/16 inch from case for 60 Jeconde: JG or ob packoae s Anish fea ttee S07 dag Ws ae. a. we “hw 00-G 
Lead temperature 1/16 inch from case for 10 seconds: Ppackage . ........- 2. ee es ee eee 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where 
the zero reference level is the midpoint between Vcc+ and Vcc_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 


As 


The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4, The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 


5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, Rgca, of not more than 105°C/W. 
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on a product in the developmental stage. Texas 
tnstruments reserves the right to change or 
discontinue this product without notice. 


TYPES TLO81AC AND TLO8IC 
JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc+ = +15 V, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONST 
Rs = 502 
Vio Input offset voltage 


Temperature coefficient r rm 10 
a = ; = full range 
Vio of input offset voltage A 3 


0.5 
Input offset current 
Input bias current 
+12 +10 
to to 
—12 —10 
Maximum peak-to-peak Rael > | RL>10kKQ | kQ 24 26 24 
Vopp L Ta = full range 


Output voltage swing 


Large-signal differential R_ = 10 kQ, Ta: 25°C 25 200 25 200 VimV 
m 
voltage snp lintesio® Vo=t10V = full range Pte | 


ee 
Common-mode rejection 
CMRR i Rs = 10 kQ 70 90 70 
ratio 
Supply voltage rejection 
ratio 
Supply current 
*ksvr = AVcc/AVIo. 
TAN characteristics are specified under open-loop operation, unless otherwise noted. Full range for Tq is o°C to 70°C. 


TLO81C 
MIN TYP MAX 


TLO81C 
UNIT 
MIN TYP MAX 
7 oy 


uVi°C 


S 


_ 
Ww 


Common-mode input 


V 
ee voltage range 


operating characteristics, Vcc = +15 V, TA = 25°C 


TLO81AC 
PARAMETER TEST CONDITIONS 
MIN TYP MAX 
? : V,;=10V, Ry =2k2Q, 
SR Slew rate at unity gain 
CL = 100 pF 


Cc 
- 
=f 
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FUTURE PRODUCT TYPE TLO84C 
TO BE ANNOUNCED QUAD JFET-INPUT OPERATIONAL AMPLIFIER 


JUNE 1976 


High Input Impedance — JFET Input Stage JORN 


, : bee : DUAL-IN-LINE PACKAGE (TOP VIEW) 
e Continuous-Short-Circuit Protection 


AMPLIFIER NO. 4 AMPLIFIER NO. 3 


¢ Wide Common-Mode and Differential — a 
Voltage Ranges ING VERTING VERTING ING 


OUTPUT INPUT INPUT Vcc INPUT INPUT OUTPUT 
e No Frequency Compensation Required 
e Low Power Consumption 
e No Latch-Up 
e Gain and Phase Match Between Amplifiers 
e High Slew Rate. ..9V/us Typ 


description 


The TLO84 is a monolithic quadruple JFET-input oy Oe Me WeRtING? Se eRe ne 
operational amplifier. The high slew rate, high input ee alka gl 


impedance, and low input bias and offset currents ae, Re E NOL! 
make this device excellent for high-speed analog 
applications. The output circuitry has been carefully 


balanced and symmetrically connected to minimize offset. This‘ device is compatible with the LM324, MC3403, and 
HA4741 quadruple operational amplifier pinout. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage, VOCE c: i a ae bow $e So 4 ee & Boe dee) BOM we ech ob ee’ oi on 2 TEV 
Supply voltage, Vcc— te See @ es See ey ae ee ag BR Be og ee ae eS Bl eee ae a Se. TOY 
NAPUT VONAGE! oy) at a wn, aa Sas eR Se Ke gh seh, eye hs ho ak vd oh Se ee, we ls he ect te Re de LE SIS V 
Continuous total dissipation at (or below) 25°C free-air temperature . . . . . . a... «500 mW 
Operating free-air temperature range. 2...) .. O0°Cto 70°C 
Storage temperaturerange 2 2 2 2. we ee ee te ee. = 65°C to 150°C 


electrical characteristics 


MIN TYP MAX UNIT 


Input offset voltage: at25C . 2... Beth ee 10 15 mV 
over temperature range ..........2... 0848 20 mV 
Temperature coefficient of input offset voltage ..........2.2.2.2.., 10 UVIPC 
Input offsetcurrent: at25°C ........., Ge sins Re tan “hay Tees Oo ie! amd ate 0.2 0.5 nA 
over temperature range tua iy ee. Bape de pecan he ee a Oe 1 nA 
Input biascurrent: at25C .... 2 4 nA 
over temperature range bo Mle ey ae’ he FP? ek ne 6 nA 
Maximum peak to peak output voltage swingat25°C . ........... | (246 V 
Large signal differential voltage amplification: at25°C .......2..... 25 200 V/mvV 
over temperature range ...... 15 V/mV 
Common-mode rejectionratio . 2 2... ee ee TO 90 dB 
Supply voltage rejectionratio . . 2... ee ay 70 80 dB 
Supply current per amplifier SG WEEE, Wen we. eo Ste ee Nae Went Oe Bee Guy “A. ekg od 2 4 mA 


mmm EEE Eee 
TENTATIVE DATA SHEET 


This document provides tentative information gp | 

on a product in the developmental! stage. Texas EXAS INSTRUMENTS 
tnstruments reserves the right to change or 

discontinue this product without notice. 
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LINEAR TYPES TLO89I, TLO89C 


INTEGRATED CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 
CIRCUITS BULLETIN NO. DL-S 7612421, JUNE 1976 


Very Low Input Offset Voltage ... 25 to50uV Typ e Output Short-Circuit Protection 
e Very Low Input Offset Voltage Temperature e High Slew Rate... 10 V/us Typ 


Coefficient . . 0.2 uW/"C e High Gain-Bandwidth Product... 
e Very Low Input Bias Current... 150 pA Typ 3 MHz Typ 


e Very Low Input Offset Current...100 to 200 pATyp » Wide Common-Mode and Differential 
e Very Low Input Offset Current Temperature Voltage Ranges 
Coefficient ...2 pA/°C e Very High Voltage Amplification... 
175 dB Typ 
description 
The TLO89 high-performance chopper-stabilized L PLUG-IN PACKAGE 
operational amplifier features superior input offset (TOP VIEW) 


voltage, input offset voltage temperature coefficient, 
input bias and offset current characteristics, and ex- 
cellent dynamic performance when compared with 
conventional amplifiers. The inputs of the TLO89 are 
symmetrical and differential, meaning that the device 
may be operated in any conventional op-amp feed- 
back configuration. Applications include high-gain dc 
instrumentation, precision integrators, and as a substi- INVERTING 
tute for other operational amplifiers wherever much 
lower errors without external adjustments are re- 
quired. The TLO89 can replace the Harris HA2900 
series of devices in most applications. It is available in NONINVERTING 
an eight-pin hermetic plug-in package with standard ee 

pin-out and requires only three capacitors for Vee 
operation. 7 


PIN 41S IN ELECTRICAL 


The TLO89! is characterized for operation from CONTACT WITH THE CASE 


—25°C to 85°C and the TLO89C from 0°C to 70°C. 


functional block diagram 


INVERTING 
INPUT 
OUTPUT 
NONINVERTING 
INPUT 


Cr 


CSH 


FIGURE 1 
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TYPES TLO89I, TLO8SC 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


a ZT 0 
; = = —20 
Lead temperature 1/16 inch from case for 60 seconds : 


0 
Supply voltage, Voc. (see Note 1) ee ae a 

5 

00 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltages where the 
zero-reference level is the midpoint between Vcc+ and Vcc_. If the zero-reference level of the system is not the midpoint of the 
supply voltages, all voltage values must be changed accordingly. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

. The output may be shorted to ground or either power supply. 


akWN 


. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 


TLO89SC 


TLO89I 
PMIN_MAX[ MIN MAX |. 


Supply voltage, Vcc+ 10 20 10 20 
Supply voltage, Vcc ~10 —20 -10" 20 
Operating free-air temperature, Ta —25 85 


Ce= 0.1 uF 


INVERTING 


INPUT OUTPUT 


NONINVERTING 
INPUT 


Vcc— 


FIGURE 2—-TYPICAL GAIN CONFIGURATION SHOWING EXTERNAL COMPONENTS 
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TYPES TLO89I, TLO8SC 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VCC— = —15 V 


TLO89I TLO8SC 
PARAMETER TEST CONDITIONSt 
TYP MAX AX 


Average temperature 


UNIT 


: i 
Oo 
< 


Full range 


avio coefficient of input Full range uVirC 


offset voltage 


25°C 


n 


| I ff oo 
nput offset current 
10 if Full range 


ae 
| 100 300_ | 
| 800 
Average temperature 
ao coefficient of input Full range —=_ pALC 
offset current 
oe 


Full range 


1000 pA 


Input bias current 


=) 
> 


Common-mode input 
VICR 


NO 
Oo 
Ao) 


voltage range 


Maximum peak-to-peak 


Vopp Ry =2k2 


Output voltage swing 
Large-signal differential RL =2kQ, 


Vo=110V 25°C 


voltage amplification 
25°C 
25°C 
25°C 
25°C 


= 
N 


Chopper frequency 


= [2 jo” 
= 
x 
N 


Unity-gain bandwidth 


= 
rs) 


< r 


Input resistance 


i=) 
nN 
oO Ww 


N 
j=) 


Output resistance 0 00 


Common-mode 
CMRR Rg < 10 k2 


ee 25°C 
rejection ratio 


: Supply voltage <10k2 25°C 
SVR" rejection ratio 


Short-circuit output 25°C 
current 
No load, é 
Icc Supply current Sosiondt 25.C 


*ksvrR = AVcc/AVio. 
TEull range for the TLO89I is -—25°C to 85°C and for the TLO89C OC to 70°C. Al! characteristics are measured with external components 
connected in the typical gain configuration of Figure 2. 


= 


3 


—_ 
° 
nN 
N 
°o W 


operating characteristics, VCC+ = 15 V, VCC— = —15 V, CT = 1500 pF, CF = Csy = 0.1uF, Ta = 25°C 


TLOB8I 
PARAMETER TEST CONDITIONS Ee UNIT 
MIN TYP MAX | MIN TYP MAX 


Maximum-output- yv 10V 
+ 
Bom swing bandwidth OM 7 
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TYPES TLO89!, TLO8SC 


CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 


PRINCIPLES OF OPERATION 


Traditional integrated operational amplifiers have 
inherent problems that cause inaccuracies in many of 
the dc and very-low-frequency applications of these 
devices. The major problems are: 
1. Input offset voltage 
2. Thermally-induced change of input offset 
voltage 
Input offset current 
4. Thermally-induced change of input offset 
current 
5. Gain deficiencies 
6. Input resistance effects 


a 


Chopper stabilization is a technique that is effective 
in substantially reducing the initial and long-term 
input offset voltage, input-offset-voltage drift and 
gain deficiencies. Other circuit techniques can be 
utilized to reduce the effects of offset current, 
offset-current drift, and input resistance effects. 


Most chopper-stabilized amplifiers feature single- 
ended, inverting operation. These are available as 
bulky modular devices fabricated by discrete or 
hybrid approaches. For space-critical applications, or 
for applications requiring the noninverting or 
common-mode configuration, the _ traditional 
chopper-stabilized amplifiers are not suitable. 


HIGH FREQ. 
—___»> 


HIGH PASS 


LOW FREQ. 


CHOPPER 
DRIVE 


LOW PASS 


The TLO89 is an effective application of chopper- 
stabilization techniques to an integrated circuit 
design. It is fabricated in a popular standard package 
and incorporates a unique differential-input configu- 
ration that permits common-mode input voltages and 
application in inverting or noninverting configura- 
tions. Circuit techniques and state-of-the-art tech- 
nologies have been combined to provide low input 
bias current, low input offset current, low offset- 
voltage temperature coefficient and drift, and very 
high input resistance. 


The following discussion is provided to familarize the 
user with chopper-stabilization techniques. For 
simplicity, the technique will be described first by 
reference to a simplified single-ended chopper- 
stabilized amplifier. Principles will then be extended 
to the TLO89 differential-input integrated-circuit 
operation amplifier. 


The general approach to chopper stabilization is 
accomplished by processing low-frequency signal 
components separately from the higher-frequency 
components. This is illustrated in Figure 3. The upper 
signal path passes higher-frequency (>100 hertz, for 
example) signal components directly. These higher- 
frequency components are amplified directly by the 


(a) 


INPUT 0 
(b) a a r a r] r 
MODULATED) 
INPUT 


(c) 
PRIOR TO O 
DEMODU- 

LATION 


fo 


(d) 
AFTER 
DEMODU- 
LATION 


(e) 
AFTER 
LOW-PASS 
FILTERING 
AND 
SUMMING 


FIGURE 3—SIMPLIFIED BLOCK DIAGRAM OF TYPICAL DISCRETE CHOPPER STABILIZED OPERATIONAL AMPLIFIER 
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TYPES TLO89I, TLO8SC 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 


wide-band amplifier, A1. The low-frequency 
components (<10Qhertz in this example) are 
processed through the fower signal path — the 
chopper channel. The low-frequency signal is 
periodically shunted to ground by the action of the 
input chopper. The resulting waveform at the output 
of this chopper is amplified by applying it to the ac 
amplifier, A2. After amplification, the signal is 
demodulated in synchronism with the input chopper 
switch to restore the proper dc level. A low-pass filter 
smooths the demodulated signal and attenuates any 
noise created by the demodulation switch. The 
resultant low-frequency signal is finally amplified by 
the high-frequency amplifier, Al. The chopper path, 
therefore, processes the low-frequency — signal 
components by converting them to higher-frequency 
ac signals, amplifying them, and finally converting 
them back to low-frequency components by demodu- 
lation. This technique reduces the offset and drift of 
amplifier A1 by the gain of the chopper amplifier. 
Overall low-frequency gain is a combination of the 
gain of the higher frequency and lower frequency 
channels. 


This chopper-stabilization technique results in 
extremely high low-frequency gains and extremely 
low voltage offset. Since reduction in offset-voltage 
change does not depend on cancellation of change 
due to matched components, the chopper-stabilized 
amplifier is relatively immune to change due to 
thermal effects. Long-term-drift stability is also 
excellent. High-frequency characteristics are primarily 
a function of the high-frequency amplifier, A1. 


The above description is an example of a typical 
discrete chopper-stabilized operational amplifier with 
a single-ended input stage. 


Operation of the TLO89 may be explained by 


referring to Figure 1. Amplifier Al is a _ high- 
frequency amplifier featuring a unity-gain bandwidth 
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of 3 MHz and a unity-gain slew rate of 10 volts per 
microsecond. Frequency compensation is internal. 


The low-frequency input signals are ‘‘chopped”’ by 
the differential input chopper periodically shorting 
the differential inputs together. During this interval 
of time, the offsets of amplifiers A2, A3, and other 
system errors are cancelled out. The sample-hold 
capacitor, CSH, holds this condition during the next 
interval of time, while the input chopper couples the 
offset voltage of Al to the input of A2. After 
amplification by A2 and A3, this signal is demodu- 
lated by the synchronous demodulator. 


The output of amplifier A4 is used to null the initial 
offset of amplifier A1. This nulling is accomplished at 
a point in the input stage of A1 that is similar to the 
external null-offset terminals of a conventional 
integrated-circuit operational amplifier. The chopper- 
stabilization circuit samples and nulls the offset of A1 
at a 750-Hz rate, thereby effecting an almost con- 
tinuous correction of offset. While A2 and A3 are ina 
state of auto-zero, capacitor Cf retains the previous 
correction voltage at the input of A4. 


Using the basic differential-input chopper stabiliza- 
tion technique described above results in input 
voltage offset and drift much superior to conven- 
tional integrated-circuit operational amplifiers. A 
review and comparison will also reveal input current, 
input offset current, bandwidth, slew rate, and 
voltage amplification superior to these amplifiers. 


The TLO89 represents dramatic increases in perfor- 
mance and make possible application in critical 
designs where only discrete or modular designs could 
be utilized previously. A reduction in cost and 
increase in reliability make this device ideal for these 
applications in addition to applications where 
periodic or initial calibration can now be eliminated. 


eee nnn, yl 
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LINEAR TYPES TL702M, TL702C 
INTEGRATED CIRCUITS GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612407, JUNE 1976 


FORMERLY SN52702, SN72702 


e Open-Loop Voltage schematic 
Amplification ... 2600 Typ 


e CMRR...80dB Typ 


comp 
description fea ws, 
. 7 NVERTING 
The TL702 is a high-gain, wideband operational INPUT © 
amplifier having differential inputs and single-ended nrennine © OUTPUT 
emitter-follower outputs. Provisions are incorporated NUE 
within the circuit whereby external components may Te eee 
be used to compensate the amplifier for stable are nominal 
operation under various feedback or load conditions. ae 
Component matching, inherent in silicon monolithic ‘ 
circuit-fabrication techniques, produces an amplifier eee 


with low-drift and low-offset characteristics. The TL702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 MHz. 


The TL702M is characterized for operation over the full military temperature range of —55°C to 125°C. The TL702C 
is characterized for operation over the temperature range of OC to 70°C. 


terminal assignments 


U 
JOR N DUAL-IN-LINE L PLUG-IN PACKAGE FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


LAG LEAO baa 
NC_ Vcc+ NC OUTPUT COMP COMP NC Vets NC OUTPUT conp 


®OOO 


INV NON. Vcc— NC 
INPUT INV 
INPUT 


PIN 41S IN ELECTRICAL CONTACT WITH THE CASE 
NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage VCC+ (see Note 1) 

Supply voltage VCC— (see Note 1) 
Differential input voltage (see Note 2) 

Input voltage (either input, see Notes 1 and 3) 


Peak output current (tw < 1s) 

Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) 
Operating free-air temperature range 

Storage temperature range 


NOTES: 


All voltage values, unless otherwise noted, are with respect to the network ground terminal. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages. 
For operation of TL702M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


PON> 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TL702M 


electrical characteristics at specified free-air temperature 


TL702M 
Vec+ 212 V Vec+ 6 V 
Vec— = -6V Vcc— 7-3 V 
MIN TYP MAX| MIN TYP MAX 


PARAMETER TEST CONDITIONSt 


Input offset voltage Rg < 2k 
Average temperature coefficient —55°C to 25°C 
Rs = 50 2 3 3 
of input offset voltage 25 C to 125°C 
Input offset current 
125°C 
Average temperature coefficient —55°C to 25°C 
of input offset current 25°C to 125°C 3 
a ; 
Nput bias curren ° 
: 6.5 


9 
w 
w i) 


~ 
a 


Input voltage range : : 
Negative swing 


Maximum peak-to-peak Ry = 100k 
Output voltage swing Ry = 10k2 


L ianal diff tial Vo =t5V 
arge-signal differentia RL > 100 k2 Full range 
Yo 


, nthe 
Sania ae 


| 
Input resistance 
Full range 


CMRR Common-mode rejection ratio 
4Vi9/4Vcc Supply voltage sensitivity 
Pp Total power dissipation 


nN 


T All characteristics are specified under open-loop operation. Full range for TL702M is —55°C to 128°C. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TL702C 


electrical characteristics at specified free-air temperature, VCC+ = 12 V, Vcc— = —6 V 


PARAMETER TEST CONDITIONSt 
s* Full Range 
Average temperature coefficient 
aVvio ; Rg = 502 Full Range 
of input offset voltage 


10 
5 
lio Input offset current Sara 75 
ull Range 
Average temperature coefficient O°C to 25°C 5 
a 
10 of input offset current 25°C to70°C 3 
| 
le Input bias current 0° 
25° 


TL702C UNIT 
MIN TYP MAX 


uA 


Vio Input offset voltage 


= 
oa 


— 
on 


Oo 

oO 
> 
or 
i) 
oO 


Maximum peak-to-peak 
~ Vopp . Ri = 100 k2 Cc 
Output voltage swing 


Large-signal differential 25 C 
AVD Beep ks R_ = 100 kQ, Vo =t5V 
voltage amplification 
. : 
: : 
Cc 


4 

1 

4 -5 

1000 2600 
00 

6 25 

5 


Full Range | 8 
25°C 
Input resistance 
Full Range 3 


i 
200 600 
6580 
AVi9/4Vcc Supply voltage sensitivity 60 300 


kQ 


Q 


uV 


oO 

~N 
3/3 
=|>\s 


<a] 
°o 


No signal 125 


T All characteristics are specified under open-loop operation. Full range for TL702C is o°C to 70°C. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


TL702M, TL702C 


operating characteristics VcC+ = 12 V, Vcc— =—6 V, TA = 25°C 


TEST BOTH TYPES 
PARAMETER TEST CONDITIONS 
FIGURE MIN TYP MAX 


te rietme FS pvr tom, ey so 
ee, 
aes 


Vv 5 
Viet mv 
2 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


2 kQQ 


VI 


OUTPUT 


INPUT 
——-O0Vv 


INPUT VOLTAGE 
WAVEFORM 


FIGURE 1—UNITY-GAIN AMPLIFIER 


5 kX 


Vi 
INPUT 


———0Vv 


INPUT VOLTAGE 
WAVEFORM 


FIGURE 2—GAIN-OF-100 AMPLIFIER 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK.TO-PEAK OUTPUT VOLTAGE 


vs 
FREQUENCY 
(tor various lag compensations) 


7 Vec+=12V RL= 100ka 
§ Vec-=-6V Ta = 28°C 
c) 
> 
ro) 
. LAG 
3 Cy 
a R 
E L 
é 
> 
on an Weak ris LAG COMPENSATION CIRCUIT 
FOR FIGURES 3, 4, AND 5 
f—Frequency -Hz 
FIGURE 3 
LARGE SIGNAL DIFFERENTIAL 
LARGE SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION 
VOLTAGE AMPLIFICATION v3 
“a FREQUENCY 
FREQUENCY (for various lag compensations) 
104 104 
Avo0l0) bg Avo atfe=l Hz Open-Loop, C1 = VCC+ = 12V 
§ Vec+ = 12 V 5 yee: aoc Vv 
; oo = L = 100k2 
5 10° Vcc By 3 10° mar Oe TA = 25°C 
g at C1 = 0.1 uF = 
3 Ry=0 3 : 
‘ iis PL > 10040 Pecado. al | 
R10? Ta = 25°C e 0 ! 2a ts H 
3 AVD(0) = = : 3 in 
3 Closed: i > Avp(0) = 10 uh 
7 s C1 = 1000 pF, Ry = 2002 \ 
3 10' F 10! 1 p 1 
5 NT =10 N 5 MT 
3 Closed: Loop = Avpi0) = 1 
Pay 7 Cy = 0.01 uF, Ry = 209 | | 
Le, “A a 1 
> Avpi0) =! > 
< Closed-Loop < 
AvD(0}) = Avo at f= 1 Hz 
10- 10-' 
100 1k 10 k 100 k IM 10M 100 10M 100M 
ft-Frequency—Hz f—Frequency—Hz 
FIGURE 4 FIGURE 5 
LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
“s 
FREQUENCY 
(for various lag compensations) 
104 Re 
AvD(0) = AvD at f = 1 Hz | 
§ Vec+ = 12 V 
‘ a IN 
H . C2 
5 Avpio) * 100,C2=0, Re = 10k2 h 
5 R2 
3 
& Avo0(0) = 10, C2 = 1000 p ‘ 
: R2= 2000, Re = 10k2 
a 
- : Avp(0) = 1,C2=0.01uF, 
< R2= 202, Re = 10k2 ‘ 
10-' , C3 
100 1M 10M 100 M 
ae LEAD-LAG COMPENSATION CIRCUIT 
= -H 
fans FOR FIGURE 6 
FIGURE 6 
Printed in U.K. 


Tl cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. 
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LINEAR 
INTEGRATED CIRCUITS 


e Open-Loop Voltage 
Amplification ... 3600 Typ 


e Designed to be Interchangeable With 
Fairchild «A702 


e CMRR...100dB Typ 


description 


The uA702 is a high-gain, wideband operational 
amplifier having differential inputs and single-ended 
emitter-follower outputs. Provisions are incorporated 
within the circuit whereby external components may 
be used to compensate the amplifier for stable 


FORMERLY SN52702A 


TYPE uA702M 


GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


BULLETIN NO. DL-S 7612408, JUNE 1976 


schematic 


O Vcc+ 


LAG 
oe comp 
INVERTING 
INPUT O 
NON. © OUTPUT 
INVERTING 


INPUT 


Component values shown 
are nominal 


operation under various feedback or load conditions. 
Component matching, inherent in silicon monolithic 
circuit-fabrication techniques, produces an amplifier a veo 

with low-drift and low-offset characteristics. The uA702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 MHz. 


The uA702M is characterized for operation over the full military temperature range of —55°C to 125°C. 


terminal assignments 


U 
J DUAL-IN-LINE L PLUG-IN PACKAGE FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


LAG LEAD 
NC Vcc+ NC OUTPUT COMP COMP NC ee: See sana ae 


ORORORO 


INV =~ NON 
NC GND INV NON Vcc_ INPUT INV 
INPUT INV INPUT 

INPUT 


PIN 41S IN ELECTRICAL CONTACT WITH THE CASE 
NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage Vcc+ (see Note 1) 


14V 
Supply voltage VcC— (see Note 1) —-7V 
Differential input voltage (see Note 2) Saag 25 
Input voltage (either input, see Notes 1 and 3) —6Vto1.5V 
Peak output current (tw <1 s) dios Fats ASO Ste ig Ps Sos ne an et Bd 50 mA 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) 300 mW 


Operating free-air temperature range 
Storage temperature range an a a ee a a 
Lead temperature 1/16 inch from case for 60 seconds: J, L, or U package 


. —55°C to 125°C 
. —65°C to 150°C 


. 300°C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the network ground terminal. 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. 


The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages. 
4, 


. ° . Ps . : . 
For operation above 70 C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature 
Vec+ =6V 


PARAMETER Vec-=-6V Vec—"-3V | uNIT 
MIN TYP MAX| MIN TYP MAX 
foc. | oe - oy or. a 
He ee ae aoe ee ee 


a = 
vio of input offset voltage s 25°C to 125°C 25 10 a6 46 1° 
: 0.2 05 0.12 05 Ey 


Vec+ 2 12V 


TEST CONDITIONS*t 


Input offset current 


-55c | oa 5] 03 15 | HA 
125°C 0.08 05| 0.05 0.5 | 


Average temperature coefficient —55°C to 25°C 3. 16 . 
a0 3 3 nAlC 
of input offset current 25°C to 125 C 1 5 


t | t bi t ae 
n as curren 
1B pu 4 u - 
; 3 : ee 
tvo 
: nput voltage range 
25°C 
R, = 100 k2 
Full range 


Ry = 10k2 25°C 


RL > 10k2 


nN 
on 


1) 

—_ 
oN 
Pal os 

oa) 
re 

> 


Maximum peak-to-peak 


Vv 
Ore output voltage swing 


~ 
a 

fee] WwW 
_ 
oO 

io) 

p~) 

ae 


25°C 2500 3600 6000] 
Fullrenge [2000 7000[. 


Large-signal differential 
AvD 


25°C 


voltage amplification 
25°C 


u 


: 25°C 80 100 80 100 
SM a wc zr eee fe eee al 
SOI y CO Snare voltae ears for TFuitrange [| 200f~~~—~—-200'| SY 


No signal 


Supply current 


Total power dissipation No signal 


80 120 15 30 


Tt All characteristics are specified under open-loop operation. Full range is —55°C to 125°C. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


operating characteristics Vcc+ = 12 V, Vcc— = —6 V, Ta = 25°C 


TEST 
PARAMETER 
FIGURE 
Be Vi=10mV,  C_=0 25 120 { os | 
SS 1030 


ae sal Rem 
ae | Vi=10mV, C= 100pF a a 

Overshoot factor = -—— vi raw 20% 40%) 
aa 


=A Viz6V,  CL= 100pF SE ea 
u 
ecesehias V1= 100 mV ae 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


PARAMETER MEASUREMENT INFORMATION 


Vv 


OUTPUT 


INPUT 
———0VvV 


INPUT VOLTAGE 
WAVEFORM 


FIGURE 1—UNITY-GAIN AMPLIFIER 


V\ 


———0Vv 


INPUT VOLTAGE 
WAVEFORM 


FIGURE 2—GAIN-OF-100 AMPLIFIER 
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VOpP—Maximum Peak-to-Peak Output Voltage—V 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 


FREQUENCY 
(for various lag compensations) 


Vec+ = 12 V 
Vcc- = -6V 


RL = 100k2 
Ta = 25°C 


NE 


CUI ic Ua 
ron sa i 


100 10k 100 k 1M 


{-Frequency-Hz 


FIGURE 3 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 


AvD(0) = Avp at f=1 Hz 
Open: Loop Vec+ = 12V 


C1 = 0.1 pF 
| R1=0 
IN nao 
Ta =25C 
| 


Vcc-—= -6V 


8 
ro 
y 
a 
E 
< 
% 10? 
3 
3 IN 
= 10 LN q 
$ Avpi0) = 10 
= Closed Loop N 
ra) 
oC! n 
9 Avpio) =! 
< Closed Loop liv 
107 \ 
100 1k 10k 100 k 1M 10M 
{-Frequency-Hz 
FIGURE 4 
LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 
(for various lag compensations) 
10* 

Avoio) = Avo at f= 1 Hz 
¢ Vcc+=12V 
° 
3 103 
3a 
E 
< 
% 10? 

6 

> 

3 

= 10! 

& Avpi0) = t0, C2 = 1000 pF, 

$s R2 = 20082, RE = 10ki2 

9 

S | 1,C2=0.01 uF, 

<q Q, Re = 10kQ 
107 


Printed in ULK. 


f—Frequency—Hz 


FIGURE 6 
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or represent that they are free from patent infringement. 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


LAG COMPENSATION CIRCUIT 


104 


FOR FIGURES 3, 4, AND 5 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 
{for various lag compensations) 


Open Loop, C; = 0 


Avbio) = 100 
C1 = 100 pF. Ry=2 


4 
AvVD(0} = 10 
= 1000 pF, Ry 


Avbi0) * 1 
Cy =O0.01uF, 


AVD(0) = AvD at t= 


100 k 1M 10M 100M 


= 
fe) 
3 103 
a 
& 
< 
% 10? 
rd 
> 
2 
e 10! 
oe 
s 
fa) 
a 1 
> 
< 
107! 
C2 
R2 


t—Frequency—Hz 


FIGURE 5 


Rr 


C3 


LEAD-LAG COMPENSATION CIRCUIT 
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LINEAR TYPES uA709AM, uA709M, uA709C 
INTEGRATED CIRCUITS GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7611447, FEBRUARY 1971—REVISED JUNE 1976 


FORMERLY SN52709A, SN52709, SN72709 


e Common-Mode Input Range...+10 V Typical 
e Designed to be Interchangeable with Fairchild .A709A, . A709, and .A709C 
e Maximum Peak-to-Peak Output Voltage Swing... 28 V Typical with 15 V Supplies 


description schematic 
These circuits are general-purpose operational peiees 
amplifiers, each having high-impedance differential ay re ae 
inputs and a low-impedance output. Component zf 
matching, inherent with — silicon monolithic ry 
circuit-fabrication techniques, produces an amplifier a 


with low-drift and  low-offset characteristics. 
Provisions are incorporated within the circuit 
whereby external components may be used to 
compensate the amplifier for stable operation under 
various feedback or load conditions. These amplifiers 
are particularly useful for applications requiring 
transfer or generation of linear or nonlinear 
functions. 


-—@ OUTPUT 


TPUT 
INVERTING 6 eacguency 
INPUT COMPENSATION 


NONINVERTING | 


The uA709A_ circuit features improved offset Se we 
Component vatues shown are nonunal 
characteristics, reduced input-current requirements, 


and lower power dissipation when compared to the uA709 circuit. In addition, maximum values of the 
average temperature coefficients of offset voltage and current are guaranteed. 


The uA709AM and uA709M are characterized for operation over the full military temperature range of —55°C to 
125°C. The uA709C is characterized for operation from 0°C to 70°C. 


JG ORP 

DUAL-IN-LINE L 
JOR N DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) 


INPUT 
INPUT OUTPUT INPUT output FREQUENCY INPUT 
FREQ OUT- FREQ FREQ OUT FREQ COMP OUTPUT 


FREQ F 
NC COMP A Vcc+ PUT COMP NC COMP A Vcc+ PUT COMP NC COMP A Vcc+ OUTPUT come 


®QOOOO 


OUTPUT 
FREQUENCY 
NC NC INPUT INV NON- Vcc- INPUT INV NON: Vcc- Cone 
FREQ INPUT INV FREQ INPUT INV 
COMP 8 INPUT COMP 8 INPUT Ta: eReae Me? IN oe 


PIN 4 1S iN ELECTRICAL COMP B INE 


CONTACT WITH THE CASE 


NC—No internal connection 


voltages specified 
Throughout this data sheet, supply voltages are specified either as a range or as a specific value. A positive voltage with- 
in the specified range (or of the specified value) is applied to VCC+, and an equal negative voltage is applied to VCC_. 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


uA709AM 
uA709C |UNI 
uA709M 


ieesw sal eet 
Differential input voltage (see Note 2) 


jaoeie io! 
input voltage (either input, see Notes 1 and 3) 
Duration of output short-circuit (see Note 4) 5 Zz 
Seren 
oo | 300 
260 


Supply voltage Voc+ (see Note 1) 


Supply voltage Vcc— (see Note 1) 


Continuous total dissipation at (or below) 70°C free-air temperature (see Note 5) 


Operating free-air temperature range 


Storage temperature range —65 to 150 | —65 to 150 


300 
Lead temperature 1/16 inch from case for 60 seconds J, JG, L, or U package 300 
Lead temperature 1/16 inch from case for 10 seconds N or P package 260 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between VCC+ and VCC-. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 volts, whichever is less. 

The output may be shorted to ground or either power supply. 

For operation of uA709AM and uA709M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


O & ON 


electrical characteristics at specified free-air temperature, VCC+ = +9 V to +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt EATS AM uA709M 
MIN TYP? MAX 
VIO Input offset voltage Rs < 10k22 pas 3 : : 
io ee ae 
=ss°Ctowsc] 4B 5 TC 
Rg = 10k : - r 
aecrowsc] 2S | 


0 
3 
3 
4 
a 50200 
100800 
is" 20200 
Average temperature coefficient —55°C to 25°C 0.45 2.8 eee fe ea ie 
a ° ° 
pe of input offset current 25 Cto 125 C 0.08 5 eo ee i 
0 2 2 
0 6 F 
7 
00 
6 


UNIT 


3 
< 


=) 


Average temperature coefficient 


a 
VIO of input offset voltage 


ho Input offset current 


Vv Input voltage range Vcc+ = +15 V 
3 


4 
Vec# = £15 V, RE > 10k2 


Maximum peak-to-peak 
output voltage swing 


0 


Vecr=#15V, RL >2k2 


+ + 
Vege #15 V, Ay = 2K 
Large-signal differential Vec+ = +15 V, Ry 2 2kQ, Ex a eee 
AVD V/imV 
160400 
rj Input resistance 5 
85185 0 100 
(e) 
0 0 


Pruivonge [80 
Ee 160 
PFoitrange [00 | 


CMRR Common-mode rejection ratio Rs < 10k2 


6 
8 
2 
0 2 
5 
0 
| 
iB Input bias current 5 
05 15 
{ 
28 
26 
7 
50 
40 1 


Rs < 10 k8? 


AVi9/AVcc Power supply sensitivity 


Vcc+ = +15 V, ~~ No load, 
No signa! 


3 


< 
< x r 


{cc Supply current 


Vect = +15 V, 
No signal 


No load, 


3 
= 


Total power dissipation 


Tan characteristics are specified under open-loop operation. Full range for uA7O09AM and uA709M is —55°C to 125°C. 


All typical values are at Vect = #15 V. 
Note 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature (unless otherwise noted Vcec+ = +15 V) 


PARAMETER TEST CONDITIONST 
Vec+ =?9 Vto+15V, 
Vio Input offset voltage | Rg < 10k2 
| = nA 


Vec+ = +9 Vto+15V LA 


Input offset current 


iB Input bias current 


Input voltage range 


Maximum peak-to-peak 
VopP 


output voltage swing 


Large-signa! differential 


A 
ve voltage amplification 
25°C 50 250 
rj Input resistance kQ 
CMRR Common-mode rejection ratio 25°C 65 90 | dB 


AVi9Q/AVcc Supply voltage sensitivity 25 +200 
Pp Total power dissipation mw 


300 | mW 
TAII characteristics are specified under open-loop operation. Full range for uA70OS9C is 0°C to 70°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback, 


operating characteristics Vcc+ = +9 V to+15V, Ta = 25°C 


uA709AM 
uA709M 
uA709C 


MIN TYP MAX 


PARAMETER MEASUREMENT INFORMATION 


PARAMETER 


Overshoot factor 


TEST CONDITIONS 


10 kQ 


Vi 


---0V 


INPUT VOLTAGE 
WAVEFORM 


FIGURE 1—RISE TIME AND SLEW RATE 


TEXAS INSTRUMENTS 


125 


126 


TYPES uA709AM, uA709M, vA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
(unless designated maximum or minimum) 


INPUT OFFSET CURRENT INPUT BIAS CURRENT INPUT BIAS CURRENT 
vs vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
"250 
a ea Ee 
< < El < 200 = — 
i E c 
: E § Eu 
. a cu 
3 5 ha 5 150 
- rs) ro) 
; : Bam ; 
= 8 9 
rts 
3 3 5 100 uA709AM fa 
@ = ‘ a e 
fi _ 
o a 
2 SSE. 
pau fl 
heel 0 
9 10 im 12 3 14 15 
Ta—Free-Air Temperature—°C Ta-—Free-Air Temperature—°C IVcC+!-Supply Vottage—V 
FIGURE 2 FIGURE 3 FIGURE 4 
uA709AM 
INPUT VOLTAGE RANGE INPUT RESISTANCE COMMON-MODE REJECTION RATIO 
vs vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


» 
W 


nao 


Rs < 


Vi—Input Voltage Range—V 
r;—Input Resistance—kQ 


CMRR—Common-Mode Rejection Ratro—dB 


-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

\Vccs!-Supply Voltage—V Ta~FreeAir Temperature—°C Ta—FreeAir Temperature—°C 

FIGURE 5 FIGURE 6 FIGURE 7 
ee  EoWElSPRTION 
TOTAL POW 
TOTAL POWER DISSIPATION TOTAL POWER DISSIPATION es 
vs vs 
a 

FREE-AIR TEMPERATURE SUPPLY VOLTAGE SUE NPE TAaE 


NURE 


Ht 


Pp—Total Power Dissipation=mW 
Pp-Total Power Dissipation—mW 
Pp—Total Power Dissipation—mW 


No load 
No signat 


4 
ax 


0 
-75 -50 -2 0 2 S50 75 100 12 
Ta—Free-Air Temperature—°C \Vcce!—Supply Voltage—V 


IVccrl—-Supply Voltage—V 
FIGURE 8 FIGURE 9 FIGURE 10 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


Avp Differential Voltage Amplification—V/mV 


Ayo—Differential Voltage Amplification 


Vopp—Maximum Peak-to-Peak Output Voltage—V 


OPEN-LOOP LARGE-SIGNAL 


DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 


FREE-AIR TEMPERATURE 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta ~ Free-Air Temperature-.°C 


FIGURE 11 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 


FREQUENCY 
(| 


iy 
HU A a 
Hi 0 AN 


100 1k 10k 100 k 1M 10M 


f —Frequency—Hz 


FIGURE 14 


MAXIMUM PE AK-TO-PEAK 


OUTPUT VOLTAGE 
vs 


LOAD RESISTANCE 


R,_—Load Resistance—kQ 


FIGURE 16 


TYPICAL CHARACTERISTICS 
(unless designated maximum or minimum) 


uA709AM, uA709M 
OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 


SUPPLY VOLTAGE 


Rp > 2k2 
ITA = --55°C to 125°C 


Ay p-— Differential Voltage Amplification—V/mV 


IVcczl Supply Voltage: V 


FIGURE 12 


CLOSED-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 


104 
Avoio) = Avp at f= 10 Hz 


Vecs = 215 V 
Ta = 28°C 
103 


10? 


C1 = 100pF, Ry = 1.5kQ, 
C2 = 3pF sil 


41 !AVD(0) = 10; \\ 
Cy = 500 pF, Ry = 1.5k2 
C2 = 20 pF 


i 
Fe ool Al 
Cy = 5000 pF, Ry = 1.5kQ, Ni 
ae NU 
1o-} alll } 


100 lk 10k 100 k 1M 1OM 


Avo-Closed-Loop Differential Voltage Amplification 


f- Frequency. iHz 


FIGURE 15 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 


vs 
SUPPLY VOLTAGE 


ee 


Minimum (R_ 22k) 


Vopp—Maximum Peak-to-Peak Output Voltage—V 


1Vcc+!—Supply Voitage-V 
FIGURE 17 


Avp- Oifferential Voltage Amplification 


Vopp- Maximum Peak-to-Peak Output Voltage - V 


uA709C 
OPEN-LOOP LARGE-SCALE 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


IVccy! Supply Voltage V 


FIGURE 13 

OUTPUT 
FREQ Co 
COMP 


When the amplifier is operated with 
capacitive loading, Ra = 50 2. 


FREQUENCY 
COMPENSATION CIRCUIT 
FOR FIGURES 14, 15, AND 18 


MAX!IMUM PEAK.-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 


f—Frequency—Hz 


FIGURE 18 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


uA709AM, uA709M uA709C 
VOLTAGE TRANSFER VOLTAGE TRANSFER 
CHARACTERISTICS CHARACTERISTICS 


a > 
| 
® 
D = 
£ 8 
) c-) 
> > 
2 5 
© = 
2 S) 
4 e) 
| 
Oo co) 
> > 
Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 
FIGURE 19 FIGURE 20 
SLEW RATE 
RELATIVE OUTPUT SWING bd 
V5 CLOSED-LOOP DIFFERENTIAL 
ELAPSED TIME 100 VOLTAGE AMPLIFICATION 
& 
4 
2 3 
z | 
i a 
2 é 
6 é 
Cy 2) 
2 
8 
rr 
a 
0 0.5 1 15° 2 2.5 
t — Elapsed Time — ps Avp-—Closed-Loop Amplification 
FIGURE 21 FIGURE 22 
NORMALIZED FREQUENCY CHARACTERISTICS NORMALIZED FREQUENCY CHARACTERISTICS 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
3 Z 
= 3 
Fa 3 
e - 
2 s 
3 8 
2 $ 
Re U 
Vy ~ 
<4 y 
. - 
g 8 
Z g 
o a 
0 mo] 
N e 
= I 
9 —_ 
5 g 
3 
3 
= 2 
-75 -50 -25 0 25 50 75 100 125 
, T, — Free-Air Temperature — °C \Vcce+!—Supply Voltage—V 
FIGURE 23 FIGURE 24 
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LINEAR 


INTEGRATED CIRCUITS 


TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7611363, NOVEMBER 1970—REVISED JUNE 1976 


FORMERLY SN52741, SN72741 


Differential Voltage Ranges 


description schematic 
The uA741 is a general-purpose operational amplifier, 
featuring offset-voltage null capability. 
The high common-mode input voltage range and the hare 


absence of latch-up make the amplifier ideal for 
voltage-follower applications. The device is short-cir- 
cuit protected and the internal frequency compensa- hee 
tion ensures stability without external components. A 
low-value potentiometer may be connected between 
the offset null inputs to null out the offset voltage as 


shown in Figure 2. 


e Short-Circuit Protection e No Frequency Compensation Required 
e Offset-Voltage Null Capability e Low Power Consumption 
e Large Common-Mode and e No Latch-up 


NON 
VERTING 


—e—-—o Vcc 


fe ti 
OUTPUT 


OFFSET 
NULL 
N? 


OFFSET 


$5082 


The uA741M is characterized for operation over the NULL 
full military temperature range of —55°C to 125°C; 


the uA741C is characterized for operation from 0°C 


to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


OFFSET 


NC NC NC 


WETICE 


6 ff 7 


NC OFFSET INV NON- 
NULL INPUT INV 
NI INPUT 


NC—No internal connection 


JG OR 


OFFS 


NULL INPUT INV 


NI 


NI 


P DUAL-IN-LINE 
PACKAGE L PLUG-IN PACKAGE 
(TOP VIEW) (TOP VIEW) 


OFFSET 
OUT- NULL 
Voce PUT N2 


~—@--—9 Vcc. 


COMPCNENT VALUES SHOWN ARE NOMINAL 


U FLAT PACKAGE 
(TOP VIEW) 


/ 
/ 

_<” OFFSET 

Z 


ag NULL 
N2 
Voc 


EE nN. NON: PIN 41S IN ELECTRICAL 
INPUT CONTACT WITH THE CASE 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


uA741M uA741C UNIT 
Supply voltage Vcc+ (see Note 1) 22 | a | 


Supply voltage Vcc_ (see Note 1) --22 
Differential input voltage (see Note 2) +30 
Input voltage (either input, see Notes 1 and 3) +15 +15 


Voltage between either offset null terminal (N1/N2) and Vcc_— +0.5 


Duration of output short-circuit (see Note 4) unlimited 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) 500 


Operating free-air temperature range —55 to 125 
Lead temperature 1/16 inch from case for 60 seconds 00 
260 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc; and Vcc_.- 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA741M only, the unlimited duration of the short- 
circult applies at (or below) 125°C case temperature or 75°C free-air temperature. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


O1S 


a) 


cl ec 
APOTOA 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, Vcc— = —-15 V 


PARAMETER TEST CONDITIONS* MIN TYP MAX 
nput ortset volta 
10 ; é ae (Ce ae ae 
i) 


AViO(ad Offset voltage adjust range 


ho tnput offset current 
WT) Input bias current 
Vv\ Input voltage range 


Maximum peak-to-peak 


uA741C 
MIN TYP 


Fs 
za 
i= 
= 
Pars 
nal 
z 
> 
x 
> 
x 
(ca 
2 
- 


Vv 


~ 
| 
a 


= 

5 

o 

3 

: 

@ 3) 

| | 
3S 


a 3 


25°C +12 £13 


{+ fit 
—_ | oe 
NIN 
+ 
—_ 
W 


PS) 
r 
‘ 
—_ 
° 
x 
+e) 
nN 
a 
3° 
(o) 
N 
S 
N 
rv) 
+ 
N 
£ 
Nn 
oO 


nN 
ou 
° 
; 
foe] 
Oo 
ao 
8 
ie) 
oO 
ao 
8 


Vopp 


AL>10KM| Fulrange [2S 


output voltage swing 25°C 20 26 
Full range 20 20 
, Large-signal differential R_ > 2kN, | 25°C 50 200 20 200 Win 
voltage amplification Vo = 110 V | Full range 25 15 


Vo = OV, 
Output resistance 2 
See Note 6 


VD 
ee een eee 
| Full range __| 
Pre 


fo) 


F 

oO 

~ ° 
w 

8 a ix 

| ® |e 


N 
oi 
ol— | oO 
(oe) 
Ww 
oOo 
—_ 
or 
oO 
GW 
fo) 
| 
oi 
Oo 
: 
3) & 
-_ 
>| Ss 


25° 
CMRR Common-mode rejection ratio | Rg < 10k2 


~ 
° 
~“ 
| 


AVio9/4Vcc Supply voltage sensitivity Rs < 10k2 
los Short-circuit output current a Eee +25 +40 


No load, 1.7 2.8 1.7 2.8 

lcc Supply current ; 
No signal__| Full range 3.3 

Pp Total power dissipation . mw 
No signal [Fullrange | tO | 100 TF 


Tall characteristics are specified under open-loop operation, Full range for uA741M is —55°C to 125°C and for uA741C is 0°C to 70°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


+ 
N 
a 
I+ 
py 
°o 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


operating characteristics, VCCc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


Re =2kQ, 
Cy = 100 pF, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


vi 
OUTPUT 
. INPUT 
——--—-O0V 
INPUT VOLTAGE 
WAVEFORM 
Cu = 100 pF RE z=2k2 


TEST CIRCUIT 
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 


TYPICAL APPLICATION DATA 


FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT 


Carrara rseeeiaeer cree ea re reer ence ees a eee TT I I FP TES IT NT ES FE SS II PS TIE, 


TEXAS INSTRUMENTS 


131 


TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


nA 


1yp—tnput Bias Current—nA 


t}O—Input Offset Current 


4 a L ~ 4 — 
-60 -40 -20 0 20 40 60 80 100 120 140 60 40 20 0 20 40 60 80 100 120 140 
Ta —Free-Air Temperature --°C Ta Free-Air Temperature-- C 


FIGURE 3 FIGUER 4 


OPEN-LOOP LARGE-SIGNAL 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL 
vs VOLTAGE AMPLIFICATION 
FREQUENCY 


vs 
SUPPLY VOLTAGE 


TN | 
ee 
CT EMI ET 
TIE ETT CTT TU 
CTA ETI AUN 1 
alii NE Hil 
UIT TTI ETT LUT 
CLT YETI ETI SU 


100 1k 10 k 100 k 1M 


Avp-— Differential Voltage Amplitication—V/mV 


na Jefe tt. 
o 2 4 6 8 0 12 14 16 18 20 


\Vecs | -Supply Voltage-V 
f- Frequency - Hz 


FIGURE 6 FIGURE 7 
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 
vs vs 
FREQUENCY ELAPSED TIME 
28 [= 

3 24 

3 

is S 20 

6 E 

F » 16 

rd s 

3 $12 

z a 

: 3° 

. }° 

8 > 4 

& 

rd 

3 

ra) 


1 10 100 1k 10k 100k 1M 10M 100M 


t+Time-yps 


f—Frequency—Hz 


FIGURE 9 FIGURE 10 
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Vopp~Maximum Peak-to-Peak Output Voltage- V 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAG! 


VS 
LOAD RESISTANCE 
Vee ise Li 
Vec ill 


Ta = 25°C 
ae 


16 TOT 
14 
12 
10 aan ie 
8 oe ee 
0.1 02 O04 07 1 2 4 7 10 


Ry —Load Resistance—k92 


FIGURE 5 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
vs 


FREQUENCY 
107 staan 
15 V 
SV 

106 = 
6 i Vo 1 10V 
3 2k 
= 108 Ta 28C 4 
a 
E 
< 104 - 
8 103 ee ee 
cS 
— 102 --~ aes eens 
s 
cS) 101 4 
fa) 
> 
< 1 + 

10 } 4-4. wl... 


4 —— 
1 10 100 tk 10k 100k 1M 10M 100M 


f- Frequency Hz 


FIGURE 8 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 
8 


s~V 


{nput and Output Voitage 


0 10 20 30 40 50 60 70 80 90 
t-Time—us 


FIGURE 11 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7611446, FEBRUARY 1971—REVISED JUNE 1976 


FORMERLY SN52747, SN72747 


e No frequency Compensation Required 
e Low Power Consumption 
e Short-Circuit Protection 


e Offset-Voltage Null Capability 


description 


The uA747 is a dual general-purpose operational 
amplifier featuring offset-voltage null capability. Each 
half is electrically similar to uA741. 


The high common-mode input voltage range and the 
absence of latch-up make this amplifier ideal for 
voltage-follower applications. The device is short- 
circuit protected and the internal frequency compen- 
sation ensures stability without external components. 
A low-value potentiometer may be connected be- 
tween the offset null inputs to null out the offset 
voltage as shown in Figure 2. 


The uA747M is characterized for operation over the 
full military temperature range of —55°C to 125°C; 
the uA747C is characterized for operation from O0°C 
to 70°C. 


schematic (each amplifier) 


INVERTING 
INPUT 


NON. 
INVERTING 
INPUT 


OFFSET 
NULL 
N1 


OFFSET 


e Wide Common-Mode and 
Differential Voltage Ranges 


e No Latch-up 


e Designed to be Interchangeable with 
Fairchild uA747 and pA747C 


JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW) 


AMPLIFIER NO 1 AMPLIFIER NO 2 


OFFSET OFFSET 
NULL 1 ? NULL 
Nt = VCC+ OUTPUT UNC OUTPUT YCC+ 2N)} 


INVERT NONIN OFFSET Vcc OFFSET NONIN INVERT 
ING) VERTING NULL NULi VERTING ING 
INPUT INPUT 1N2 2N2 INPUT INPUT 


AMPLIFIER NO 1 AMPLIFIER NO ? 


NC—No internal connection 


L PLUG-IN 
PACKAGE (TOP VIEW) 


AMPLIFIER AMPLIFIER 
NO.1 NO. 2 
INVERTING 


INPUT 


NONINVERTING 
INPUT 


Be WiCCH 


OUTPUT 


NULL 
N2 


Component values shown are nominal. 


Vcc— 


_» TO OTHER 
AMPLIFIER 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


uA747M uA747C UNIT 
Supply voltage Vcc_ (see Note 1) | -22,— —18 


Vv 
Vv 


Each amplifier 
J, N, or W package 
L package 


Continuous total dissipation at (or below) 25°C 


free-air temperature (see Note 5) Tota! package 


Operating free-air temperature range 


Storage temperature range 
Lead temperature 1/16 inch from case for 60 seconds 


Lead temperature 1/16 inch from case for 10 seconds 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voitages where 


the zero reference level is the midpoint between VCC+ and VCC-. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA747M only, the unlimited duration of the short-circuit 


applies at (or below) 125°C case temperature or 75°C free-air temperature. 
5. For operation above 25°C free-air temperature and for total package ratings, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature, VCC+ * 15 V, VCC— = —15 V 
uA747M 


MIN TYP MAX 


uA747C 


PARAMETER TEST CONDITIONS*t 


Vio Input offset voltage Rs < 10k2 


AV10(adj) Offset voltage adjust range 
2 


Se 
mA Se ; . 
nput offset curren 
10 p 300 
nA 
1500 800 


Cc 
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+ 


= 
2 
~ 
< 
msl 
Ss 
x 


25°C 


It 
-_ 
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lip Input bias current 
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Ww 
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Full range 
25°C 


input voltage range 
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Maximum peak-to-peak 
Output voltage swing 
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Oye 
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QO} NM] 
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oO (op) 
NPN ER 
a;o;o 
oO! |x 
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Large-signal differential 
VimvV 


~ 
oO 
© 
jo) 


voltage amplification Full range 

Input resistance 25°C Ma 
See Note 6 

Input capacitance 25°C aa aa 1.4 


Cc 
: 0 
Rg < 10k2 
Full range 70 70 
25°C 30 150 30 150 
VIN 
25°C +25 +40 +25 +40 mA 
Supply current No load, 1.7 2.8 1.7 2.8 
No signal 3.3 


Full range 


(each amplifier) 


No load, 
No signai Full range 


t All characteristics are specified under open-loop operation. Full range for uA747M is —55 °C to 125°C and for uA747C is 0 C to 70 C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


Power dissipation 
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(each amplifier) 
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120 


Channel separation 


TEXAS INSTRUMENTS 


TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


uA747M 
PARAMETER TEST CONDITIONS 


=10V, Rie = 2k, 
Stew rate at unity gain 
ae = 100 pF, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


VI 


OUTPUT 


INPUT 
——-—-o0Vv 


INPUT VOLTAGE 
WAVEFORM 


= 100 pF Rr = 2kQ 


TEST CIRCUIT 
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 


TYPICAL APPLICATION DATA 


FIGURE 2—1NPUT OFFSET VOLTAGE NULL CIRCUIT 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK 


INPUT OFFSET CURRENT INPUT BIAS CURRENT OUTPUT VOLTAGE 
vs vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE LOAD RESISTANCE 

i 

: 

; i 

5 8 

3 i 

3 3 

: i 

i : 

2 g 

: § 

~60 ~-40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 0 2 40 60 80 100 120 140 
Ta—Free-Air Temperature—"C Ta—Free-Air Tempereture—'C RL —Load Resistance-k82 
FIGURE 3 FIGURE 4 FIGURE 5 
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL 
MAXIMUM PEAK-TO-PEAK OIFFERENTIAL DIFFERENTIAL 
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs vs vs 
FREQUENCY SUPPLY VOLTAGE FREQUENCY 


8 8 


Sat CT | ect 
CMTC UTTMIT | TT nes ooh 
| a aoe 
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nN 
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max 
=== 
Eos 
= 

== 
me 
=. 
7 
a= 
a Gee 
=== 


-_ 
—- © a @ nN a 


Os Fa SR 
= 
= 


ths vtite AH tt 
ST TUT Bai a 
UU TAT 1 TIN SUT 


4 1 
tk 10k 100 k 1M 12a 7 B20 1 10 100 1k 10k 100k 1M 10M 100M 
Voc, | -Supply Voltege—v 


Ayo Differential Voltage Amplification 


Vopp—Maxwmum Peek-to-Pesk Output Voltage—V 
3 


Avp— Differential Voltage Amplification—V/mV 


f~—Frequency—Hz t—Frequency—Hz 


FIGURE 6 FIGURE 7 FIGURE 8 
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 
vs vs VOLTAGE-FOLLOWER 
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE 
8 


Vo~—Output Vottage —mvVv 
Input and Output Voltages—V 


CARR —Common-Mods Rejection Ratio—dB 


1 10 100 1k 10k 100k 1M 10M 100M 0 0 0 DW © 8S 60 70 2 


f—F requency—Hz : t—Time—ys 


t-Time—ps 
FIGURE 9 ; ' FIGURE 10 FIGURE 11 
Printed in U.K. 
Tl connot assume any responsibility for any circuits shown 
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TYPES uA748M, uA748C 
LINEAR GENERAL-PURPOSE 
INTEGRATED CIRCUITS OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7611418, DECEMBER 1970—REVISED JUNE 1976 


FORMERLY SN52748, SN72748 
e Frequency and Transient Response Characteristics Adjustable 


e Short-Circuit Protection e Low Power Consumption 
e Offset-Voltage Null Capability e No Latch-up 
e Wide Common-Mode and e Same Pin Assignments as uA709 


Differential Voltage Ranges 


description eeheniatic 
The uA748 is a general-purpose operational amplifier. 

It offers the same advantages and desirable features as 

the uA741 with the exception of internal compensa- 

tion. The external compensation of the uA748 allows 

the changing of the frequency response (when the 

closed-loop gain is greater than unity) for applications 

requiring wider bandwidth or higher slew rate. This his ae 
circuit features high gain, large differential and ‘iNew 
common-mode input voltage range, output short- = 
circuit protection, and may be compensated under “H+ 
unity-gain conditions with a single 30-pF capacitor. 
A potentiometer may be connected between the mst hE 
offset null inputs, as shown in Figure 12, to null ae 
out the offset voltage. i 


COMPENSATION 


~~ vec: 


OuTPUT 


OFFSET NULL 
COMI 
The uA748M is characterized for operation over the om 
full military temperature range of —55°C to 125°C; 
the uA748C is characterized for operation from O°C Rladistur values shown-are nominal and in ohms: 


to 70°C. 
terminal assignments 


JOR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


OFFSET OFFSET OFFSET 


NC NC COMP Voc: QOureur Nutt NC 
IN2! 


Oc KOMOMC @ ® 


_ jg 


Ne 


NON- “\_ OFFSET 
= = INV Se 0 x NULL 
ie yee a eh On OnORORORORO 
Vcc 
NC NC OFFSET INV 
NC NC 


NULL INPUT ce eu. GN PIN 41S IN ELECTRICAL OFFSET. INV 
COME come INPUT CONTACT WITH THE CASE ieee INPUT 
IND NA ) 


oNVe 


NC—No internal connection 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


uA748C 


Supply voltage Vcec+ (see Note 1) 18 


Differential input voltage (see Note 2) 

Input voltage (either input, see Notes 1 and 3) 

Voltage between either offset null terminal (N1/N2) and Vcc_ 

Duration of output short-circuit (see Note 4) 

Continuous total power dissipation at (or below) 25°C free-air temperature {see Note 5) 
Operating free-air temperature range 


Storage temperature range 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Voc; and Vcc_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA748M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 
5. For operation above 25°C free-air temperature, refer ta Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VCcC— =—15 V, Cc = 30 pF 


A748M 
PARAMETER TEST CONDITIONST : UNIT 
MIN TYP MAX MIN TYP MAX 


' ae Teg Ce ce 

t e S m 
25°C 20 200 20 200 

lo Input offset current nA 


lig Input bias current —— “ > 7 0) 
Full range 800 
25°C +12 +13 +12 £13 Vv 


° 
oe 
+2) 


Vi Input voltage range 


I ft 
—b 
NO 


Ri =10kQ | 25°C 24 28 24 28 
Vapa Maximum peak-to-peak Ry 2 10kQ | Full range 24 Vv 
output voltage swing Ry =2k2 25°C 20 26 20 26 


A Large-signal differential RL 22k, | 25°C 50 200 20 200 
; 


2 
cc 


o 
° 
(e) 


Vo=OV, 
to Output resistance 2 75 75 
See Note 6 


Cj Input capacitance 


CMRR Common-mode rejection ratio | Rg < 
AV1i0/A4Vcc Supply voltage sensitivity Rs < 


los Short-circuit output Current + + + 
ae ' No load, 25°C 1.7 2.8 1.7 2.8 A 
u curren m 


No load, 25°C 
No signal Full range 


_h 
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Pp Total power dissipation 


TAI characteristics are specified under open-loop operation. Full range for uA748M is —55°C to 125°C and for uA748C is O°C to 70°C. 
NOTE 6: This typical! value applies oniy at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


TEXAS INSTRUMENTS 


TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


uA748M uA748C 
PARAMETER TEST CONDITIONS 
A TYP AR MIN TYE) 
= 100 pF, Cc = 30 pf, 


Slew rate at unity gain 


PARAMETER MEASUREMENT INFORMATION 


-~—+0V 


INPUT VOLTAGE Cc = 30 pF == 
WAVEFORM TEST CIRCUIT 


FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 
TYPICAL CHARACTERISTICS 


See Figure 1 
Vv, =10V, Rp =2kQ, 
Cy = 100pF, Cc = 30pfF, 
See Figure 1 


INPUT OFFSET CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT 
vs FREE-AIR TEMPERATURE vs FREE-AIR TEMPERATURE VOLTAGE vs LOAD RESISTANCE 
400 2 
eG 4 
°o 
‘ ~ 30 fo poh} | sas 5 
: 5 f-.4-4 : 
] 
i 3 200 |- 7 ae a $ 
: i 
i é 4 Bea apes | E 
— = 100 f- | 5 = 3 
oe | 
oy 
-60 -40 -20 0 20 40 - 80 100 120 140 "60 “40 20 0 20 40 60 80 100 120 140 01 02 04 071 2 4 7°10 
Ta—Free-Air Temperature—°C Ta - Free-Air Temperature °C Ry —Load Resistance-k2 
FIGURE 2 FIGURE 3 FIGURE 4 
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL 
MAXIMUM PEAK-TO-PEAK OUTPUT DIFFERENTIAL VOLTAGE DIFFERENTIAL VOLTAGE 
VOLTAGE vs FREQUENCY AMPLIFICATION vs SUPPLY VOLTAGE AMPLIFICATION vs FREQUENCY 
~ | , ’facoae TTT TTT TS ad 
& 36 £ ra < 106 
8 a5 & t 200 : 
% 24 Sia AH é 100 ; 104 
0 nh AN ; roa: 
TTT so a Se 
et HUM TT ATI Ln : : S 
Fo mall Hh NIH Al one = a) ae 
a LUT TM NIT E eeteaae a - 
> * COMI TTI CEI : as Paid IN 
100 1k 10k 100 k 1M ee ee 1 10 100 1k 10k 100k 1M 10M 100M 
f—Frequency—Hz Vcc. | -Supply Voltage -V t—Frequency—Hz 
FIGURE 5 FIGURE 6 FIGURE 7 
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TYPES uA748M, uA748C 


GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


COMMON-MODE REJECTION RATIO 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 


vs vs VOLTAGE-FOLLOWER 
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE 
1005 a ne SS Se Se 
| Vcc! hom 
2 90 od tT ~ + Vee SV 4 
| < 
2 80 + + ae ate 4 
x i Ta 25°C 7 
s 70 } t t+ 4 vA 3 
= e 
& 60 }/—+-—--+ $4 ® 6 
rd 2 > 
$ 50 }—+—--+ t--— c a 
2 i 3 6 
5 40 + Spee, ai) gecatoas g Bo] 
a2 case Po $ 
| iS 
a 20 t = peewy Carre z i 
3 | i | 
a a 
(¢) I | ene or LL. cies, p& olde. Sah] 
1 10 100 1k 10k 100k 1M 10M 100M to) 05 1 15 2 25 0 10 20 30 40 50 60 70 80 90 
f.-Frequency --Hz t Time—us t—Time-us 
FIGURE 8 FIGURE 9 FIGURE 10 
TYPICAL APPLICATION DATA 
Vo . R2 
Vi R1 
R1-30 pF 
Cc 2 -—— 
R1+R2 
R1-R2 
R3 = 
R1+R2 
FIGURE 12—INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
COMPENSATION, AND OFFSET ADJUSTMENT 
Printed in U.K. ( 
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LINEAR TYPES uA777M, uA77TIC 
INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612037, SEPTEMBER 1973—REVISED JUNE 1976 


FORMERLY $SN52777, SN72777 
e Low Input Currents 
e Low Input Offset Parameters 


e - 
e Frequency and Transient Response Ne-taten:7p 
Characteristics Adjustable @ Wide Common-Mode and 
Differential Voltage Ranges 


* i i 748, uA709, 
© Offset-Voltage Null Capability . cea a URIS ey 


e Short-Circuit Protection 


description 


The uA777 is a precision operational amplifier. Low offset and bias currents improve system accuracy when used in 
applications such as long-term integrators, sample-and-hold circuits, and high-source-impedance summing amplifiers. 
This device is an excellent choice where a performance between that of super-beta and general purpose operational 
amplifiers is required. 


External compensation of the uA777 may be implemented in either normal or feed-forward configuration to satisfy 
bandwidth and slew-rate requirements. This circuit features high gain, wide differential and common-mode input 
voltage range, output short-circuit protection, and null capability. 


The uA777M is characterized for operation over the full military range of —55°C to 125°C; the uA777C is 
characterized for operation from 0°C to 70°C. 
terminal assignments 


JOR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


OFFSET 
Out NULL 


PUT (N21 OFFSET 


OUT NULL COMP Vcc: OUTPUT {N2: 


COMP Vcc: PUT (N2) F = 
HO? dL 
OUTPUT 


GS @) OF FSET 
NULL 
INPUT 2 = (N2) 


i. ODDO® 
OFFSET INV) NON Vv 
NULL INPUT INV” PIN41S IN ELECTRICAL Bes OPES NM. Nabe -<Nee 


NC. AOE ESE TINY come ANP CONTACT WITH THE CASE COMP INPUT 


NULL INPUT (N1) 
comp 
iNT) 


(N1) 
NC—No internal connection 


schematic 


COMPENSATION 


a » > a Voc + 


INVERTING sa. 


INPUT 
NONINVERTING 
INPUT 


OFFSET 
NULL 
(N21 


OUTPUT 


Vec— 


OFFSET NULL 
COMP 
(NT) 


Resistor values shown are nominal and in ohms. 
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TYPES uA/777M, uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 


Operating free-air temperature range 


Storage temperature range —65 to 150 | —65 to 150 °C 
Lead temperature 1/16 inch from case for 60 seconds J, JG, L, or U package 300 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltages where the 
zero-reference level is the midpoint between Vcc} and Vcc_. If the zero-reference level of the system is not the midpoint of the 
supply voitages, all voltage values must be changed accordingly. 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the uA777M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. . 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VCC— = —15 V, Cc = 30 pF 
(unless otherwise noted) 


[A777 777 
TEST CONDITIONSt BALM we 
MIN TYP MAX | MIN. TYP MAX 


PARAMETER 


Input offset voltage 


av 
72) 

I 
on 
ro) 
x 
+e) 

~) 

o1 

° 

A 

2 

oa) 

wiry 

as 

N 

a 


Full range 
Average temperature coefficient 


eVv1O 


of input offset voltage 


Ho Input offset current 


e Average temperature coefficient MIN to 25°C 6.5 150 20 600 APC 
0 of input offset current 25°C to MAX 2.5 30 10 300 e 


. 25°C 8 25 25 100 
lip Input bias current nA 
| 


Vv Input voltage range Full range | +12 +13 


iv Maximum peak-to-peak Ry = 10 kQQ | Full range 24 28 
ort output voltage swing Ry, =2kQ |Full range 20 26 


Large-signal differential Vo =+210V,] 25°C 50 250 25 250 

AVD oe VimV 
voltage amplification Re 22k | Full range 

rj 


Input resistance 


NR 


+ 
Ni —- 
OO}; ALN 
I+ 
NTN] = 
M1 OO} Ww 
S 


N 

a 

° 
io) 
N 
=) 
—_— 
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Output resistance 


N 
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= 
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© 
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ive) 
—_ 
jo) 
oO 
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oto Ww 
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jo) 
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Cj Input capacitance 
CMRR Common-mode rejection ratio Rs = 50 kQ |Full range 


4Vcc/AVi¢c Supply voltage rejection ratio Rs < 50k 
los Short-circuit output current 


Icc Supply current 


© 
oO 
Ke) 
ao 
~ 
fon) 
<e) 
ol 


No load, 


No signal 


TAtl characteristics are specified under open-loop operation. Full range (MIN to MAX) for uA777M is —55°C to 125°C and for uA777C is o°c 
to 70°c, 
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TYPES uA777M, uA77IC 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = 15 V, VcCc— = —15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
Rise time RL = 2kQ, 
Overshoot factor 7 2 ke, 
= +) £2) 
a 2kQ2, | Ay=1, Co =30pF 
Slew rate 
= 100 pF | Ay = 10, Cc =3.5pF 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


INPUT 


INPUT VOLTAGE Cc 


WAVEFORM TEST CIRCUIT 
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 


ee a I I I I I IIE A ee ES 
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TYPES uA777M, uA77TIC 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


PULSE RESPONSE WITH 
FEED-FORWARD COMPENSATION 


10 k22 


Vcec+ = 15 V 
Vcc—=-15V 
Ay =1 

CL = 10 pF 

Cc =5 pF 

Ta =25°C 
See Figure 3 


INPUT 
OUTPUT 


————+ 


150 pF = Cc =5 pF 


Vo—Output Voltage—V Vj—Input Voltage—V 


0 12 3 4 5 6 7 


t-Time—ps 
FIGURE 3-INVERTING CIRCUIT WITH UNITY GAIN 
FIGURE 2 AND FEED-FORWARD COMPENSATION 


TYPICAL APPLICATION DATA 


R2 


Vo _ R2 
Vi R1 
R1°30 pF 
Cc 2 
R1+R2 
R1-R2 
R3 = = 
R1+R2 


FIGURE 4—INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 


Printed in U.K. 
Tl cannot assume any responsibility for any circuits shown 
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VOLTAGE COMPARATOR SELECTION GUIDE 


DIFFERENTIAL COMPARATORS 


—55°C to 125°C operating temperature range 


Input 
Offset 
DEVICE 
Voltage 
TYPE 
MAX 
(mv) 


TL710M 


Low-Level 


Input Input 
Offset 


Current 


Voltage Response 


Bias 


Power Supplies 
Output : Required 
Time 
Current Vcec+ Vcc— 
MIN MAX NOM NOM 
(mA) (ns) (Vv) (Vv) 
20 150 1.6 nig 12 
: (Typ) 
40 
2 12 
(Typ) 
Improved 
7 25 10,000 0.5 12 
TL710M 
40,000 —3 to 
7 45 12 
(Typ) 
200,000 140 
0.02 0.15 
(Typ) (Typ) 
Dual 


: 12 
fe] | TL810M 
j 40,000 12 —3 to Dual 
(Typ) —12 LM106 


se 
: TL510M 
aw | Strobes _| 


Amplification 


Current 


uA710M 


TL810M 


Gi 
NO 
5 
—_ 

NO 
or 
oO 


LM1 Strobe 


yY 
5 
2 
® 


a 
= 
© 
Px & 
ele blefe 
UC 
oO 
NO 
o 
_ N 
48 
so 
U6 
So 
og one 
ates 
ro) 
2 6 


Lmi1it Strobe 


TLS510M Strobe 


Vcc range 


5 
2V to 36V 


| 
_ 
N 


TL820M 


Ww 
5 
NQ 
oi 
—_ 
io 
roo) 
oO 
o 


| 500 | ls | 12 | -6 | strobes 
; d 
5 3 8,000 0 12 pine 
vA711M 
200,000 1300 
0.025 5 Vcc range 
(Typ) (Typ) 


2V to 36V 
T Capable of operating with a single 5-volt supply. 


—40°C to 85°C operating temperature range 


Input Input Input Low-Level Power Supplies 
: Voltage Response 
Offset Offset Bias eine Output Required 
Amplification Time 
Voitage Current Current Current Vcc+ Vcc— 


MAX MAX MAX MIN MAX NOM NOM 

(uA) (uA) (mA) (ns) (Vv) (v) 
Vcc range 
2V to 36V 
Vcc range 
2V to 36V 
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DIFFERENTIAL COMPARATORS 


—25°C to 85°C operating temperature range 


Input Input Input Low-Level 
. Voltage Response 
Offset Offset Bias inte Output . 
DEVICE Amplification Time 
Voltage Current Current Current 


TYPE 


VOLTAGE COMPARATOR SELECTION GUIDE 
MIN MAX 


Power Supplies 
Required 
Vec+ | Vcc— 
NOM NOM 
(mA) (ns) (V) (v) 
40,000 —3 to 
Single LM206 3 7 45 16 12 Strobe 
(Typ) —12 
200,000 1300 
LM293 —0.25 5 
(Typ) (Typ) 
200,000 1300 
—0.25 5 
(Typ) (Typ) 


Power Supplies 
Voltage 
Required 


Low-Level 


Response 


Output 


Amplification Time 


Current Current Vcc+ Vcc— 
MAX MIN MIN MAX NOM NOM 
(uA) (uA) (mA) (ns) (Vv) (Vv) 
[150 [0 fw ae 
Improved 
: 30 8,000 
TL710C 
40, 8 
15 000 2 
(Typ) (Typ) 
200,000 165 
p 0.3 
(Typ) 
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—_> | $—_ ee ee eee ee eee ee Y 
yn | Ny | BF fot at nwo] vn Iw 


[o) 
or 

5 
+ 

& 9 
fet} 
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28 


a 
BS 
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5 © 
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< 

z 
ne — 
N NO 


Dual 
TL510C 
p-8 | sire 
Improved 
uA711C 
Vcc range 
2V to 36 V 


40 


N 
on 


Dual 


Channel 
TL811C 


TCapable of operating with a single 5-volt supply. 
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GLOSSARY 
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS 


Input Offset Voltage (Vio) 
The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to the 
specified level. 
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rs) are inserted in series 
with the input leads. 


Average Temperature Coefficient of Input Offset Voltage (ayio) 


The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


Vio @ TA(1)) = 19 © Taya) 


where T A(1) and TA(Q) are the specified temperature extremes. 
TA) — TA(2) od - 


aVviO = 


input Offset Current (1jo) 
The difference between the currents into the two input terminals with the output at the specified level. 
Average Temperature Coefficient of Input Offset Current (a{1Q) 


The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 


lo @T —(ljo @T 
aWO = Oe TAG = oR TARY where T A(1) and T A(2) are the specified temperature extremes. 
TA(1) — TA(2) 


Input Bias Current ()p) 
The average of the currents into the two input terminals with the output at the specified level. 
High-Level Strobe Current (Ij}(s)) 
The current flowing into or out of” the strobe at a high-level voltage. 
Low-Level Strobe Current (ly_(s)) 
The current flowing out of* the strobe at a low-level voltage. 
High-Level Strobe Voltage (Vj }(s)) 


For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the 
operation of the comparator. 


Low-Level Strobe Voltage (Vj{(s)) 


For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or low, 
as specified, independently of the differential inputs. 


Input Voltage Range (Vj) 
The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly. 


*Current out of a terminal is given as a negative value. 
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Caen nnnnnnrnee reer ee eS Se 
Common-Mode Input Voltage (Vic) 


The average of the two input voltages. 
Common-Mode Input Voltage Range (Vicr) 

The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly. 
Differential Input Voltage (Vip) 

The voltage at the noninverting input with respect to the inverting input. 
Differential Input Voltage Range (Vip) 


The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning 
properly. 


Differential Voltage Amplification (Ayp) 


The ratio of the change in output voltage to the change in differential input voltage producing it with the 
common-mode input voltage held constant. 


High-Level Output Voltage (Voy) 


The voltage at an output with input conditions applied that according to the product specification will establish a high 
level at the output. 


Low-Level Output Voltage (VoL) 


The voltage at an output with input conditions applied that according to the product specification will establish a low 
level at the output. 


High-Level Output Current, (IOH) 


The current into” an output with input conditions applied that according to the product specification will establish a 
high level at the output. 


Low-Level Output Current, (loi) 


The current into” an output with input conditions applied that according to the product specification will establish a 
low level at the output. 


Output Resistance (rg) 
The resistance between an output terminal and ground. 
Common-Mode Rejection Ratio (kcMmR, CMRR) 
The ratio of differential voltage amplification to common-mode voltage amplification. 


NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change in 
input offset voltage. 


*Current out of a terminal is given as a negative value. 
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Supply Current (Icc+, lec_—) 
The current into” the Vcc+ or Vcc_ terminal of an integrated circuit. 


Total Power Dissipation (Pp) 


The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Pp = Vcc+: !cc+ + Vec—* Iec—- 


Response Time 


The interval between the application of an input step function and the time when the output crosses the logic threshold 
voltage. 


NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or in the 
case of high-to-low-level response time, to turn the output off) to an input level just barely in excess of that required to 
bring the output back to the logic threshold voltage. This excess is referred to as the voltage overdrive. 


Strobe Release Time 


The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from its 
active logic level to its inactive logic level. 


“Current out of a terminai is given as a negative value. 
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LINEAR TYPES LM106, LM206, LM306 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBES 


BULLETIN NO. DL-S 7611586, JANUARY 1972—REVISED JUNE 1976 


FORMERLY SN52106, SN72306 


e Fast Response Times e Strobe Capability 
@ Improved Gain and Accuracy e Short-Circuit and Surge Protection 
e Fan-Out to 10 Series 54/74 TTL Loads e Designed to be interchangeable with National 


Semiconductor LM106, LM206, and LM306 
description 


The LM106, LM206, and LM306 are high-speed voltage comparators with differential inputs, a low-impedance output 
with high-sink-current capability (100 mA), and two strobe inputs. These devices detect low-level analog or digital 


signals and can drive digital logic or lamps and relays directly. Short-circuit protection and surge-current limiting is 
provided. 


The circuit is similar to a TL810 with gated output. A low-level input at either strobe causes the output to remain high 
regardless of the differential input. When both strobe inputs are either open or at a high logic level, the output voltage is 


controlled by the differential input voltage. The circuit will operate with any negative supply voltage between —3 V and 
—12 V with little difference in performance. 


The LM106 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM206 is 
characterized for operation from —25°C to 85°C, and the LM306 from 0°C to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


STROBE 
out 
PUL ig nay STROBE 2 


ee 


GNO NON INV Vec- 
INV INPUT 
weut Vcc. STROBE 4 


PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Voc+ (see Note 1) 2. 2 2. 1B 
Supply voltage Vcc— (seeNote1) 2. 2 2 2. . ee ee ee ee ee) TEV 
Differential input voltage (see Note 2) ths Site Yas. OS he ge Seal et en GR) ca ae Rede Te at de cae 2s oe 
Input voltage (either input, see Notes 1 and 3) Be Goh \deesas iO ae By waa svar Be Ge SoMa dquo ac, ir gt SAS +7 V 
Strobe voltage range (see Note 1) gate ee Ra ts a. Shs Se cee ee Se Se ee Rate ves te A ad 0 Vv to Vcc+ 
Output voltage (see Note 1) Se Sh sim Sie Shs leoeee Ve as el se ee a: Ses oe Ay wIAS fat a ee. He ee at ay ot uae Ss 7A DAR 
Voltage from output to Vcc— : ae eR ee ew Poe ee a a ed a 4 Se OY 
Duration of output short-circuit (see Note 4) th te te an da ee ch i oat 10s 
Continuous total power dissipation at (or below) 25° °c free-a -air temperature (see Note 5) bs Ya: TS . . 600 mW 
Operating free-air temperature range: LM106 Circuits . ....... 0... ee 55° C to 125° C 
LM206 Circuits: 4 24-4 we we B08 ER a ee Se DS EC t085'C 
LM306 Circuits 2... 6 1 ee ee ee ees OL 19 70°C 
Storage temperature range . . tee eee we. ~65°C to 150°C 
Lead temperature 1/16 inch from case e for 60 seconds: a JG, L or -U package Se el Be Rcbe e ae Se oe ae eOULC 
Lead temperature 1/16 inch from case for 10 seconds: N or P package . . 2... ..... 2... . 260°C 
NOTES: 1. All voltage values, except differential voltages and the voltage from the output to VCC~_, are with respect to the network ground 
r a 
2. Diners voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. 
5. For operation above 25°C free-air temperature, refer to Dissipation Curves, Section 2. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


| electrical characteristics at specified free-air temperature, VCC+ = 12 V, VCC~— = —3 V to —12 V (unless 


otherwise noted) 


; | Lii06, LM206 _| 
PARAMETER TEST CONDITIONS MIN X 
25: C 058 2 Lee 25 
< 
hs ace ie ail ame lee ieee ICT = 


Average temperature 

ayviQg coefficient of input Full range 3. 10 5 20 tuv/rc 
25°C 0.78 3 188 5 
See Note6 | MIN HA 
MAX 


offset voltage 


Vo-0.5Vto5V 


Rs = 5022, See Note 6 


ho Input offset current 


Average temperature 
oanTe) coefficient of input 
offset current 


MIN to 25°C 


lB Input bias current 25°C to MAX 


ML (S) Low-level strobe current Full range —1.78—3.2 


Vinis) High level srobe voltage [range 
ViL(s) Low-level strobe voltage [SS *Y Crane 


-mode i t 
Common-mode inpu Vcc =-7 Vto -12 V Full range 
voltage range 


Differential input 
Vip Full range 
voltage range 
Large-signal differential No load ° 
in : 40 § 
VD voltage amplification Vo =05Vto5V ries 


High-level Vip =5mV Full range 

Vv = 
OH Output voltage 'OH s00 ue Vip =8mvV Full range 
lol = 100 ma zl [eat 25 C 


+ 
on 


+ 
12) 


i) 


ao 
= oO 
= o o 


jo) 
ao 


Vip=—-7 mV] 25°C 
Vip = —S mV] Full range 


Vip = —8mVj Full range 


Low-level 
lop = 50 mA 


output voltage 


Vip = -S mV] Full range 
Full range 


MIN to 25°C 0,028 


_ 
j=) 
oO! 


Vv 
MDS 2m 25°C to MAX 


Vip=7mvV | MIN to 25°C 
Vip=8mV | 25 C to MAX 


Vip = —5 mV, No !oad Full range 
No load 


High-level 


= /t 4 
Output current VOH =8V to 24 V 


1OH 


Icc+ Supply current from Vcoc4 


Icc— Supply current from Vcc 


tTUnless otherwise noted, all characteristics are measured with the strobe open. 

8 These typical values are at Voc; = 12 V, Vec_ = -6 V, Ta = 25°C. Full range (MIN to MAX) for LM106 is —55°C to 125°C; for LM206 is 
—25'C to 85°C; and for LM306 is OC to 70°C. 

NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vo __) or 


Full range 


up to the high range (VoOH):- Thus these parameters actually define an error band and take into account the worst-case effects of 
voltage gain and input impedance. 


switching characteristics, VcC+ = 12 V, Vec— = —6 V, Ta = 25°C 


T CONDITIONSt 
PARAMETER TEST GN MIN TYP MAX|MIN TYP MAX 


Response time, low-to-high-level output Ry = 390 2to5V, Cy = 15pF, See Note 7 28 40 ns 


NOTE 7: The response time specified is for a 100 mV input step with 5mvV overdrive. The typical value is specified for a nominal threshold 


LM106, LM206 LM306 


Cc 
é 
+ 


voltage of 1.4 V. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


schematic STROBE O O STROBE 
1 2 
2S QO VCC: 
5 k ti 
63V 63V 


NONINVERTING O 


ey 
INPUT 70 


© OUTPUT 
INVERTING oO Son 


INPUT 


TYPICAL CHARACTERISTICS 


Vcc- O- 


Resistor values are nominal in ohms. 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
20 
Vec+ =12V Vec+=12V 
Vec—=-6V 18 Vec_ =-6V 
< Vo =05Vto5 V 16 Vo =05Vto5V 
i 4 Nae 
« T 44 LM306 
o Cc 
- 2 
ra = 12 
ra O 
£ % 10 
S) oO 
2 5. (68 
a c LM106, 
| a SG LM206t 
co 
g oa 
2 
0 
—75 -50 -25 O 25 50 75 100 125 —75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 


{Data for free-air temperatures below —25°C and above 85°C is applicable for LM106 only. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


VOH—High-Level Output Voltage—V 


Vo—Output Voltage—V 


TYPICAL CHARACTERISTICS * 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 


FREE-AIR TEMPERATURE 


Vecs+ = 12 V 
Vec—=—-3Vto-12V 


1 
—~75 -50 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature—°C 
FIGURE 3 


VOLTAGE TRANSFER CHARACTERISTICS 


Vec+ =12V 
Vec_ =-6V 
Ry = oo 


Vip—Differential Input Voltage—mV 
FIGURE 5 


Vo_—Low-Level Output Voltage—V 


1Q—Output Current—A 


LOW-LEVEL OUTPUT VOLTAGE 


VS 


FREE-AIR TEMPERATURE 


1.2 


Veer etZv 
Vec-—=-3Vto-12V 
Vip =—-5 mV 


Oo 
F 
T 
on 
Oo 
=| 
> 


lot = 100 mA 


—~75 -50 -25 O 25 50 75 100 125 


Ta—Free-Air Temperature—C 
FIGURE 4 


OUTPUT CURRENT 
vs 
DIFFERENTIAL INPUT VOLTAGE 


5 -4 -3 -2 -1 0 1 2 3 
Vip—Differential Input Voltage—mV 
FIGURE 6 


{Data for tree-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
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TYPES LM106, LM206, LM306 


DIFFERENTIAL COMPARATORS WITH STROBES 


Avp-—Differential Voltage Amplification 


{Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 


80 000 


Differential 
Input Voltage 


Vo—Output Voltage—V 


TYPICAL CHARACTERISTICS * 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


-25 QO 25 50 75 100 125 
Ta—Free-Air Temperature—C 
FIGURE 7 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


Vcc+ =12V 


Vcc— =-6V 
Ci = 15 pF 
RE = 390 2to5V 


Ta = 25°C 


t—Time—ns 
FIGURE 9 


NOTE 8: This parameter was measured using a single 5-ms pulse. 


losS—Short-Circuit Output Current—A 


Differential 


Vo—Output Voltage—V 


SHORT-CIRCUIT OUTPUT CURRENT 
vs 


FREE-AIR TEMPERATURE 


Vec+ = Vo =12V 


Vcc— =-6V 
Vip =—5 mv 
See Note 8 


75 -50 -25 0 25 50 75 


Ta—Free-Air Temperature—C 
FIGURE 8 


125 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


® 
2 
6 
> 
5 
Qa 
£ 
5 
4 
3 
Vec+ =12V 
2 ! Vcc =-6V 
Cy = 15 pF 
1 RL =390 2 to5V 
TA = 25°C 
0 
0 20 40 60 80 100 
t—Time—ns 
FIGURE 10 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS ! 


SUPPLY CURRENT FROM Vcc+ . SUPPLY CURRENT FROM Vcc 
vs VS 
SUPPLY VOLTAGE Vcc+ SUPPLY VOLTAGE Vcc_ 


Vec—=-3V to -12V 


| 


\ 


1cC+—Supply Current from Vcc+—mA 
Icc——Supply Current from Vcc_—mA 


Pi LAVA 
BERRUNNN 


Vcc+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V 
FIGURE 11 FIGURE 12 


TOTAL POWER DISSIPATION 
vs 
FREE-AIR TEMPERATURE 
120 
100 


80 


60 


Pp—Total Power Dissipation—mW 


—75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—"C 


FIGURE 13 


{Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
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LINEAR TYPES LM111, LM311 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBE 


BULLETIN NO. DL-S 7611797, SEPTEMBER 1973—REVISED JULY 1976 


FORMERLY SN52111, SN72311 
e Fast Response Times e Maximum Input Bias Current ...300nA 


e Strobe Capability ° 


Maximum Input Offset Current... 70nA 


¢ Designed to be Interchangeable with National e Can Operate From Single 5-V Supply 
Semiconductor LM111 and LM311 


description 


The LM111 and LM311 are single high-speed voltage comparators. These devices are designed to Operate from a wide 
range of power supply voltage, including +15-volt supplies for operational amplifiers and 5-volt supplies for logic 
systems. The output levels are compatible with most DTL, TTL, and MOS circuits. These comparators are capable of 
driving lamps or relays and switching voltages up to 50 volts at 50 milliamperes. All inputs and outputs can be isolated 
from system ground. The outputs can drive loads referenced to ground, Vcc+, or Vcc_. Offset balancing and strobe 
capability are available and the outputs can be wire-OR connected. If the probe input is low, the output will be in the 


off state regardless of the differential input. Although slower than the TL506 and TL514, these devices are not as 
sensitive to spurious oscillations. 


The LM111 is characterized for operation over the full military temperature range of --55°C to 125°C; the LM311 is 
characterized for operation from O°C to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


PINGISIN FLECTRICAL 
CONTACT WITH THE CASE 


NC--No internal connection 


schematic 
B'S 8 
300 300 
r “ 
750 600 
13k 
ea B Balance 
* Ce B/S Balance/Strobe 
= Cc Collector Output 
E Emitter Output 
sae Ce mee iN+ Noninverting Input 
IN — Inverting Input 
NC No Internal Connection 
IN << Vcec+ Positive Supply Voltage 
400 Vec .- Negative Supply Voltage 


250 200 


L 


Resistor values shown are nominal and in ohms. 
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TYPES LM1i1 LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


wan 
eves 


Supply voltage, Vcc+ (see Note 1) 
Supply voltage, Vcc— (see Note 1) 
Differential input voltage (see Note 2) 


i+ [4 { 
=m} Wi— 
o ve) 
| 
—_ 
oe 


oo) 
O;,oO 
1 
]o 
bl 
«le 


+ 
Oo 
+ 
w 
o 


Input voltage (either input, see Notes 1 and 3) 
Voltage from emitter output to VCC— 
Voltage from collector output to Vcc— 
Duration of output short-circuit (see Note 4) 


Oo 


500 


Operating free-air temperature range —55 to 125 °C 
Storage temperature range —65 to 150 | --65 to 150 i Os 


Lead temperature 1/16 inch from case for 10 seconds J, JG, L, or U package 300 °c 
Lead temperature 1/16 inch from case for 60 seconds N or P package 260 c 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voitages where the 


Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 50 


a 
o 


zero-reference level is at the midpoint between Vcc} and Voc_-. if the zero-reference level of the system is not the midpoint of 
the supply voltages, all voltage values must be adjusted accordingly. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voitage or +15 V, whichever is fess. 

4. The output may be shorted to ground or either power supply. 

5. For aperation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature, VcCc+ = +15 V (unless otherwise noted) 


LM111 
PARAMETER TEST CONDITIONSt MIN. TYPE MAX |MIN TYPE MAX 
25°C 
Vio Input offset voltage Rs < 50 k2, See Note 6 10 
a ma es | Full range | : 
Full range 


| Input bias current Vo=1Vtol4V 100 250 
{1B n | if O = Hi 
| Full range | range 150 300 


75 
liL(S) Low-level strobe current Vistrobe) =9.3V. Vip < -10 mV —3 
Common-made input 

VICR Full range £14 +14 Vv 
voltage range 
Large-signal differential . 

AVD ee: Vgo=5Vto35V, RE =1k2 25°C 200 200 VimvV 

voltage amplification 


High-level (collector) 


Output current 


| 
: TA EY 
otra] I 


a aii 


TUniess otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded. 
Full range for LM111 is -55°C to 125°C and for LM311 is OC to 70°C. 
fan typical values are at Typ = 25°C. 
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 
1V with a pull-up resistor of 7.5k22 to Vcc}. Thus these parameters actually define an error band and take into account the 


Low-level (collector-to-emitter) 


output voltage 


Supply current from V ; 
CGr Vip =—-10 mV, No toad 


output low 


Supply current from Vcc —. 


oe Vip =10mvV, No load 
output high ip 


worst-case effects of voltage gain and input impedance. 
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TYPES LM111,LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 


switching characteristics, VCC+ = 15 V, Vcc—= 
PARAMETER 


Response time, low-to-high-level output 


~15V, Tp = 25°C 
. TEST CONDITIONS 


MIN 


TYP MAX] UNIT 


een ee 
ee ce 


The response time specified is for a 100-mV input step with 5 mV overdrive. The typical values are specified for anominal threshold 
voltage of 1.4 V. 


Rce=S5002to5V, Cy =5pF, See Note 7 


Response time, high-to-low-level output 


NOTE 7: 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS vs 


FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Dec - pov poe eo eg Se 
| Peg Nee. i15V on ee | VOCs, * 215 
18 | aaa + Vg Fl Vito v4 450 on a LM311 °° ft VQ TV to 144 
t 16] __j.. SeeNote8 | Pn cew Ae. Pe oe See Note 8 
I 16 ote 6, AAO Bakes ee fee Reese 
n ; | < 
< 14 eer! i 
| ae ae, € 
3 12+ mba p | : 
= i 
2 10 on fa eee ieee vant — c 
re CONDITION 1 CONDITION 2 = 
a: 2 ae 4 3S 
3 = 
e 6 | | | = 
S a <e in is 
1 ‘| 
ina ee ae | | =) Hare Ree 
| | 
a1. ae t t LM111 + ae 4 50 en 
| ; 
Oc zedl ms Ai data $414 2h Ste os al Oe ol bgt a Wa de oe 
60-40-20 0 20 40 60 80 100 120 140 60-40-20 0 20 40 60 80 100 120 140 
Ta Free Air Temperature— C Ta. Free-Air Temperature-- C 
FIGURE 1 FIGURE 2 
*¥-50V (LM111) 
VOLTAGE TRANSFER CHAR .CTERISTICS Te, Vee 
a Se eae sy kee 
Vecr = +15 V | | —— OUTPUT 
Ta - 25°C 
LM111 
BO spe ee 
> : : ---4 
gO eS 
= [EMITTER OUTPUT | ! = 
= 30 Ry, 600 2 COLLECTOR COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 
2 | OUTPUT TEST CIRCUIT FOR FIGURE 3 
5 Vcc: * 30V 
T. 220 ee | 
fo) 
> 
10 |} 
Fe eee 


OUTPUT 
-1 0.5 Q 


Vip- Differential input Voltage--mV 


FIGURE 3 
EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR-FIGURE 3 


NOTE 8: Condition 71 is with the baiance and balance/strobe terminals open. Condition 2 is with the balance and batance/strobe terminals 
connected to Vcc}. 
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TYPES LM111,LM311 


DIFFERENTIAL COMPARATORS WITH STROBE 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


z| - ao ere 
E i) 
Set | 
& al fo Vecr = 215 
— jo ae = co) 
+ + + aay 
ee Oe a ae 
| : \ 
> + 
® 
s 
x) 
> 
3 
a 
5 
4 
oO 
> 
t- Time--ns 
FIGURE 4 
OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 
v 
ed 
ra) 
oo. 
o 
= 2 
a 
15 
> 10 
vu 
2 5 
i) 
> 0 
5 
2 36 
° 
Oo --10 f ] des | + 
> 
ie ed 7 ee te 
0 02 04 06 08 1012 14 16 18 
t- Time--us 
FIGURE 6 
OUTPUT CURRENT and DISSIPATION 
vs 
OUTPUT VOLTAGE 
160 Ne tee tee, 
Voct+ = +15 V 
140 t< 10s 


{q—Output Current—mA 


Vo-—Output Voitage—V 


FIGURE 8 


pes nnennnn 


TYPICAL CHARACTERISTICS 


TEST CIRCUIT FOR FIGURES 4 AND5 


Vec+ = 15V 


Vcc-=- 18 V 


TEST CIRCUIT FOR FIGURES 6 AND 7 


PQ Output Dissipation—-mW 
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Icc+—Supply Current from Vcoc+—mA 


6 
5 
4 
3 


2 


1 
0 


| 


No Load 


SUPPLY CURRENT FROM Vcc+ 
vs 


SUPPLY VOLTAGE Vcc+ 


-—— i ese 


ae 
Es 


0 


Vcc+—Positive Supply Voltage— Vv 


FIGURE 9 


i - r 4———_ 
|e eee ree See ee 
5 10 15 


Vo—Output Voltage—-V 


Differential 


Vq--Cutput Voitage-V 


Orfferential 


Icc-.—Supply Current trom Voc.--mA 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDORIVES 


z, ae oe 
s 
x) 
- E | 
a a var | Vecs = £15 V 
= i. ty t Re =5002t05V74 
I | H { | Ta = > 
| ida 4 A= 25 £ 
5 | Aa] 
45 -4 
3 aoe 
2 
1 i { i 
i oe a 
fe} Csr 3S ieee es {ieee Bee aS De 2 ees 
0 50 100 150 200 250 300 350 
t- Time- ns 
FIGURE 5 
OUTPUT RESPONSE FOR 
ov 
3 
° I 
> : 
5 1 
2 ; : 
= ater ck tRe-2kQto -15V 4 
i | Ta = 25°C 
15 4 Pa poop poor 
2mvV : i | 
10 orf bf aie 
5 ee 
: | 
5 { : - 2 
| \ 
1 4 | “3 
wea ; 
0 0264 06 08 1.0 1.2 1.4 1.6 1.8 
t- Time—ps 
FIGURE 7 
SUPPLY CURRENT FROM Vcc.-. 
vs 
SUPPLY VOLTAGE Vcc 
-6 T Fes i: cane i (eae Ce 
Vip = 10 mV or - 10 mV 
Ta - 28°C 
mi 4 tied oie 
a No load : 


| 
ee 4 
=1 f= t + 4 ' rr rs 
1 
0 J Ue. L J 
ie} a, —10 —15 


Vcc..-Negative Supply Voltage-V 


FIGURE 10 


TYPES LM111, LM311 


DIFFERENTIAL COMPARATORS WITH STROBE 


TYPICAL APPLICATION DATA 


Vcc+ 


SQUARE WAVE 
OUTPUT 
{Fan-out to two 
Series 54 gates 
or equivalent) 


FIGURE 11-100-kHz 
FREE-RUNNING MULTIVIBRATOR 


Vec+ 


20 k82 


OUTPUT 


Vcc- 


FIGURE 14—ZERO-CROSSING DETECTOR 


MAGNETIC 
TRANSDUCER 


FIGURE 16—DETECTOR FOR MAGNETIC TRANSDUCER 


OUTPUT 


FIGURE 18—COMPARATOR AND SOLENOID DRIVER 


FIGURE 12 
OFFSET BALANCING 


TTL 
STROBE 


2N 2222 


1 khd 


FIGURE 13—STROBING 


+5 V 


1k 
OUTPUT 
TO TTL 


240 ki. 
iNPUTT 


TResistor values shown are for a 0-to-30-V logic swing and a 
15-V threshold. 

May be added to control speed and reduce susceptibility 
to noise spikes. 


FIGURE 15—TTL INTERFACE WITH HIGH-LEVEL LOGIC 


Vcec+ 


100 kHz 10 pF 


OUTPUT 


100 kQ2 


SO k{2 


FIGURE 17-—100-kHz CRYSTAL OSCILLATOR 


FROM D/A NETWORK 


ANALOG 
INPUT 


TTL STROBE 


Typical input current is 50 pA with inputs strobed off. 


FIGURE 19—STROBING BOTH INPUT AND 
OUTPUT STAGES SIMULTANEOUSLY 
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TYPES LM111,LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 


TYPICAL APPLICATION DATA 


Vec+ = 5 V 


OUTPUT 


FIGURE 20—LOW-VOLTAGE FIGURE 21— ZERO-CROSSING 
ADJUSTABLE REFERENCE SUPPLY DETECTOR DRIVING MOS LOGIC 


Voc+ *5V Vv 


Vec+*5V 


¥k0 
ouTPuT me 


OUTPUT 
‘INPUT 


FROM 
TTe 


T Adjust to set clamp level. 


FIGURE 22—PRECISION SQUARER FIGURE 23—DIGITAL TRANSMISSION ISOLATOR 


Vec+ * 18 V 
Vecs = 15 V 


INPUT 


INPUT 
OUTPUT OUTPUT 


Vec-. = -18V 


FIGURE 24— POSITIVE-PEAK DETECTOR 


FIGURE 25— NEGATIVE-PEAK DETECTOR 
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TYPES LM111,LM311 


DIFFERENTIAL COMPARATORS WITH STROBE 


TYPICAL APPLICATION DATA 


2N3708 TO TTL 


2N2222 


TR1 sets the comparision jevel. At comparision, the photo- 
diode has less than 5 mV across it, decreasing dark current 
by an order of magnitude, 


FIGURE 26—PRECISION PHOTODIODE COMPARATOR 


REFERENCE 


INPUT 


INPUT 


FIGURE 28-SWITCHING POWER AMPLIFIER 


TTL 
STROBE 


2N3708 
VkQ 


ttTransient voltage and inductive kickback protection. 


FIGURE 27—RELAY DRIVER WITH STROBE 


OUTPUTS 


FIGURE 29—SWITCHING POWER AMPLIFIERS 
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LINEAR INTEGRATED TYPES LM139, LM239, LM339 
CIRCUITS QUADRUPLE DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 7612236, MARCH 1975—REVISED JUNE 1976 


Single Supply or Dual Supplies e Low Input Offset Voltage ...2mV Typ 
e Wide Range of Supply Voltage e¢ Common-Mode Input Voltage 
. 2 to 36 Volts Range Includes Ground 
@ Low Supply Current Drain e Differential Input Voltage Range 
Independent of Supply Voltage Equal to Maximum-Rated 
. 0.8 mA Typ Supply Voltage... +36 V 
e Low Input Bias Current...25nA Typ e Low Output Saturation Voltage 
e Low Input Offset Current e Output Compatible with TTL, DTL, 
. 3 nA Typ (LM139) MOS, and CMOS 


JORN 


schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW) 


o(OR COMPARATOR COMPARATOR 
Vcc+) NO.4 NO.3 


a 
OUTPUT OUTPUT NON NON 
COMP COMP INV INV INV INV 
NO.4 GND INPUT INPUT INPUT INPUT 


=100-pA 
CURRENT REGULATOR 
=100-uA 


CURRENT REGULATOR 


NONINVERTINGo 0 OUTPUT 
INPUT 


INVERTING 
INPUT 


description 
OUTPUT OUTPUT Vcc INV NON- INV NON- 
These devices consist of four independent voltage Men Noe lee oon. Cae y 
comparators that are designed to operate from a , ———e/ 
single power supply over a wide range of voltages. EOVEARR TOR. COM taken 


: NO.2 NO.1 
Operation from dual supplies is also possible so long 


as the difference between the two supplies is 2 volts 
to 36 volts and pin 3 is at least 1.5 volts more positive , 
than the input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be 
connected to other open-collector outputs to achieve wired-AND relationships. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC (see Note 1)... ww ee ee ee ee ee ee) 6BBV 
Differential input voltage (see Note 2) ye PR, eae Gitey abe! Se oe ae Per ae Yee ae TD. GP ae 8 ae as, 8 ‘ +36 V 
Input voltage range (either input) . 2... ee 20; 3 V to 36 V 
Output voltage ok, BS aie ee a ae IS Re a aa Ya ee Aa oe a ne ek Kha gt SO ee cw 
Output current wood Y Re de ee Ge Ga OS ee! ae ae a a ee OT 
Duration of output short- circuit to ground (see ‘Note 3) noe woe ee ew ew ew eh) hUuNSIMited 
Continuous total dissipation at (or below) 25 C free-air temperature (see Note 4) woe ee ee ew we « 900 mW 
Operating free-air temperature range: LM139 i ae ae A a, Eee Si oe A. HHS Ct8126 C 

EWN28O Gt ces: a. ah hp etn. Be eee si, tes we. “yg SC te 86 

LM3390 nh a Gal eS Eee Ge we ak Oe Ge ae ee 4 0610-706 
Storage temperature range ... . 2 8d DS ae ees wo BR ke “65°C 16-150-C 
Lead temperature 1/16 inch from case for 60 scone: J package... 2... 1. ee ee ee ee 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Npackage. . .......... 4.4... . 260°C 

NOTES: . All voltage values, except differential voltages, are with respect to the network ground terminal. 


1 
2. Differentia! voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from Outputs to VCC can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
a Nn Si SE a Ra ee ne ae 
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TYPES LM139, LM239, LM339 
QUADRUPLE DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, VCC = 5 V 


TEST CONDITIONSt wit Me ENE 


UNIT 
MIN TYP MAX | MIN TYP MAX 
Voc = 5 V to 30V, 25°C 2 5 2 
n 


2 5 
Full range 100 
Faitrange| BOO TAO 


6 Oto 0 to 
is Vv 1.5 
Vcc =2 V to 36 V cc: 
0 to 0 to 
Full range 
Vec—2 Vec~2 
Smalil-signal differential % 
A tes RL =15k2, Vo=14v 25°C 
voltage amplification 


vd 
'OH High-level output current} Vip =1V [VYou= SV 26°C | 
Vou = 30 V | Full range 


200 
1 
Red aie? ice Usettieah 250 +500 250 500 
1D TE toe See [att range 700 
25°C 6 16 6 16 
0.8 2 0.8 2 


Vip=-1V, VoL =1.5V 


tFull range (MIN to MAX) for LM139 is —55°C to 125°C, for the LM239 is -85°C to 125°C, and for the LM339 is O°C to 70°C. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


PARAMETER 


Input offset voltage 


Input offset current 


nA 


Input bias current 


VICR Common-mode input 


voltage range 


200 VimV 


Vot_ Lowdevel output voltage 


Low-level output current 


'OL 


nA 
MA 
mV 
mA 
Supply current 
mA 


No load 


(four comparators) 


switching characteristics, Vcc =5V, TA = 25°C 


PARAMETER TEST CONDITIONS 


100-mV input step 
: Ri connected to 5 V through 5.1 kQ, 
Response time 


CL =15pF,* See Note 6 
ore includes probe and jig capacitance. 
NOTE 6: The typical vatue is for the interval between the input step function and the time when the output crosses 1.4 V. 


with 5mV overdrive 
TTL-level input step 


Pn arama 
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LINEAR TYPES LM193, LM293, LM393 
INTEGRATED CIRCUITS DUAL DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 7612411, JUNE 1976 


Single Supply or Dual Supplies e Low Input Offset Voltage ... 2 mV Typ 


e Wide Range of Supply Voltage e Common-Mode Input Voltage 
...2 to 36 Volts Range Includes Ground 

e Low Supply Current Drain e Differential Input Voltage Range 
Independent of Supply Voltage Equal to Maximum-Rated 
...0.5mA Typ Supply Voltage... +36 V 

e Low Input Bias Current... 25nA Typ e Low Output Saturation Voltage 

e Low Input Offset Current e Output Compatible with TTL, DTL, . 
...3nA Typ (LM193) MOS, and CMOS 


schematic (each comparator) JG ORP 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR NO. 2 


/ NON. * 


OUT- INV INV 
PUT INPUT INPUT 


=100-pA 
CURRENT REGULATOR 


NONINVERTING, Se OUTEMT 
INPUT 


INVERTING , 
INPUT 


description 
OUT. INV NON- GND 
These devices consist of two independent voltage Cee eT iRBur 
comparators that are designed to operate from a 
single power supply over a wide range of voltages. COMPARATOR NO. 1 


Operation from dual supplies is also possible so long 
as the difference between the two supplies is 2 volts L 

to 36 volts and pin 3 is at least 1.5 volts more positive PLUG-IN PACKAGE (TOP VIEW) 
than the input common-mode voitage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. OUTPUT 


COMPARATOR NO. 1 
f ON YOLV¥VdWOd 


PIN 41S IN ELECTRICAL CONTACT 
WITH THE CASE. 
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TYPES LM193, LM293, LM393 
DUAL DIFFERENTIAL COMPARATORS 


arr Pl I a Ee 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltages Ver (see Note 1) 2.46 a we Se ee Ee ee Bk ee ee a Ee OG eee BEY 
Differential input voltage (see Note 2) ee aga eh oP ae ake! tie at Ae er en be te te cg B, WS Oe Teeth, Me, oe . . £386V 
Input voltage range (either input) deb yreit, bc ee axe ce oT Maes eos: ek ee ee cea Se. Ube as Mg! Bee. ps ech 3 V to 36V 
Output voltage Bese ah oun Nias chy Sn Ny EE eh ad: ao he dd, Bl oS! > eo aoe oe 8, eG Ae ae coe 
Output current 5-6 Bo wh) dee th cle AY cnc. ca, he CAR ONE es Ge 
Duration of output short- circuit to ground (see Note 3) ei be % ye  & Sve WE IIted 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 
JG or P package: 4-3 se ee ES ee ee eae EE ee ee A Se Se ee Se eee 2 GOO 
Lpackage ... as Wy he “Meayacan obs. ole ete so hrc nee US A ee Ri pk ok > fe es .. 625 mw 
Operating free-air temperature range: IED: © <4. se acres, So ID cee ee ee te ad ace 3 55° C to 25, C 
EMI9S 2.4 st ae eo do ole Oe ge eg elas. SOS C10 8s C 
ee ete chee ee et 
Storage temperature range. ee ee ee ee es =65°C to 150°C 
Lead temperature 1/16 inch from case e for 60 seconds: ‘IG or L package bs ads clan Se. of! We be Oh de bc eet UO 
Lead temperature 1/16 inch from case for 10 seconds: Npackage . . . .. . . 1... ee ee 260°C 
NOTES: . All voltage vatues, except differential voltages, are with respect to the network ground terminal, 


1 

2. Differential voitages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


LM193 LM293, LM393 
PARAMETER TEST CONDITIONS UNIT 
TYP MAX MIN TYP MAX 
. é Vere OY. wef 
Input offset voltage 
25°C 
Ho Input offset current =1.4V nA 
Full range 0 


25°C —25 —100 -25 —25 
iB Input bias current See Note 5 


Vv 1.5 Vec-1.5 
Veco =2V to 36V a - 
to to 
Fuil range 
Vcc-2 
Small-signal differential Vcc=15V, R_ =15k2, 
Avd eae o-: 2 V/mV 
voltage amplification 5 14V 
High-level output current} ne 2 ze —— 
—o 


25°C 
70 
0.8 


Full range 
io. Low-level output currentlVjp =-1V, Vo=i5SV 25°C 16 


~ 
or; ol 
oO};}oO oa 


ak 
oO 
oO 


Common-mode input 


V 
ree voltage range 


Low-level output voltage |Vip =—-1V, IoL=4MA 


icc Supply current 


Vv 5V 25°C 
— 


Vcc = 30 V | Full range 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardiess of 
the state of the output, so no loading change is presented to the input lines. 


switching characteristics, Vcc =5V, TA = 25°C 


PARAMETER TEST CONDITIONS 


100-mV input step 
: RL connected to 5 V through 5.1 k&2, ; ; 1.3 
Response time + with 5-nV overdrive us 
Ci =15pF, See Note 6 


TTL-level input step 


cere includes probe and jig capacitance. 
NOTE 6: The typical! value is for the interval between the input step function and the time when the output crosses 1.4 V. 
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NONINVERTING 


NOTES: 


LINEAR | TYPE LM2901 
INTEGRATED CIRCUITS QUADRUPLE DIFFERENTIAL COMPARATOR 


BULLETIN NO. DL-S 7512247, MARCH 1975 


Eliminates Need for Dual Supplies @e Common-Mode Input Voltage 


. Range Includes Ground Allowing 
ae Se a Voltages Direct Sensing near Ground 


Low Supply Current Drain e Differential Input Voltage Range 


Equal to Maximum- Rated 
Independent of Supply Voltage 
Aes mA Typ pp g Supply Voltage... +36 V 


Low Input Bias and Offset Parameters e Low Output Saturation Voltage 
Input Offset Voltage ...2mV Typ -T mV Typ at 5 uA 
Input Offset Current ...5 nA Typ -+.70 mV Typ at 1mA 
Input Bias Current ...—25nA Typ e Output Compatible with TTL, 
DTL, MOS, and CMOS 


schematic (each comparator) N 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR COMPARATOR 


NO.4 NO.3 
Vcc ee 
(OR OUTPUT OUTPUT NON NON 


Vcc+) COMP COMP INV INV INV INV 
NO.3  NO4 GND INPUT {tNPUT INPUT INPUT 


> 100-uA 
CURRENT REGULATOR 


f° OUTPUT 


INPUT 
INVERTING 
INPUT 
GND 
(OR 
Vcc-.) 
OUTPUT OUTPUT Vcc - INV NON. 
COMP COMP INV INPUT INV 
NO.1 NO.2 INPUT INPUT 
a  ——/ 
COMPARATOR COMPARATOR 
NO.2 NO.1 
description 


The LM2901 consists of four independent voltage comparators designed specifically for automotive and industrial 
control systems. They operate from a single power supply over a wide range of voltages and the low supply current 
drain is independent of the magnitude of the supply yoltage. A unique characteristic of these comparators is that the 
common-mode input voltage range includes ground, even though operated from a single supply voltage. Applications 
include limit comparators, simple analog-to-digital converters, wide-range VCO's, MOS clock timers, multivibrators, 
high-voltage digital logic gates, and pulse, square-wave, and time-delay generators. The LM2901 was designed to directly 
interface with CMOS—where the low power drain of the LM2901 is a large advantage over standard comparators. 


The outputs can be connected to other open-collector outputs to achieve wired-AND relationships. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply -Woltade. OC. (see Note: 1) c- o. 4. Ss a oe Se ee fh a re SS Gee Se eh ok Ga a Ch we Ge BEV 
Differential input voltage (see Note 2) . 2. 2. 2... +36 V 
Lnput voltage: range (either Input) « “#-) ag Sa SOR GE eo ae ek ee Gee als LY ROSY 1036 ¥ 
Output voltage me Bele. AN ae “AS oy we, BoA le ok a ee OS le A Be a eS ee OV 
Output current ke ath gs. “Sk. ra ae be ew Da a. oe oc Se SOMA 
Duration of output short- circuit to ground (see Note 3) by AS. A  <eahWh. eat om 42a. Unhenited 
Continuous total dissipation at (or below) 25 C free-air temperature (see Note 4) Cae ae ae ee se ‘2 00 mW 
Operating free-air temperature range. www —40° C to 85" C 
Storage temperature range. ssa eas Gat Coat ait ads ax pe, en te et Ste ya, cae oe —65 °C to 150°C 
Lead temperature 1/16 inch from case e for 16 Seconds i oy ED Se pe ee ws Se a VS ae 260 C 
. All voltage values, except differential voltages, are with respect to the network ground terminal. 


1 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Voc can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPE LM2901 
QUADRUPLE DIFFERENTIAL COMPARATOR 


electrical characteristics at 25°C free-air temperature, Vcc = 5 V (unless otherwise noted) 


TEST CONDITIONS MIN TYP MAX | UNIT 
0 


PARAMETER 
Input offset voltage 


Input offset current 


Input bias current 


2° 
5 5 
25 
200 
0.1 
00 40 
16 
0.8 


0 to 


Common-mode input voltage range Voc =2V to 36V 


Vec-1.5 


Smali-signal differential voltage amplification 


3 


High-level output current 


Vo_ Low-level output voltage 
é 
2 


NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stange. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


Low-level output current 


lec Supply current 


switching characteristics, Vcc = 5 V, Ta = 25°C 


; PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 


Rx, connected to 5 V through 5.1 kQ, 13 
: MSs 
Cy = 15 prt, See Note 6 
te, includes probe and jig capacitance. 


NOTE 6: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical value is for the interval between the input 
step function and the time when the output crosses 1.4 V. 


Response time 


TYPICAL APPLICATION DATA 


+V 


3.3 kN 


O OUTPUT 
LOW- 
IMPEDANCE 

TRANSDUCER 


BASIC SINGLE-SUPPLY LEVEL TRANSLATOR 
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LINEAR TYPE LM2903 
INTEGRATED CIRCUITS DUAL DIFFERENTIAL COMPARATOR 


BULLETIN NO. DL-S 7612412, JUNE 1976 


Eliminates Need for Dual Supplies 


Common-Mode Input Voltage 
: Range Includes Ground Allowing 
e Wide Range of Supply Voltages ; ; 
9 to 36 Volts Direct Sensing near Ground 
© Low Supply Current Drain e Differential Input Voltage Range 


Equal to Maximum-Rated 
pays yen Supply Voltage . . . +36 V 
e Low Output Saturation Voltage 
... TmV Typat5yuA 
...70mvV Typ at 1mA 


e Low Input Bias and Offset Parameters 
Input Offset Voltage ...2 mV Typ 
Input Offset Current ...5nA Typ 


Input Bias Current ...—25 nA Typ. e Output Compatible with TTL, 
DTL, MOS, and CMOS 
schematic (each comparator) JG ORP 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


Vcc 


————0 {OR 


Vec+)} COMPARATOR NO. 2 


NON. * 


OUT. INV INV 
PUT INPUT INPUT 


=100-7A 
CURRENT REGULATOR 


P 
NONINVERTING) pe OUF UT 
INPUT 


INVERTING 
INPUT = 


description OUT- INV NON- GND 
PUT INPUT INV 
The LM2903 consists of two independent voltage pedal 
comparators designed specifically for automotive and COMPARATOR NO. 1 
industrial control systems. They operate from a single 
power supply over a wide range of voltages and the 
low supply current drain is independent of the L 
magnitude of the supply voltage. A unique character- PEGA EAC CAGE (EOP WIEN) 
istic of these comparators is that the common-mode 
input voltage range includes ground, even though 
operated from a single supply voltage. Applications 
include limit comparators, simple analog-to-digital 
converters, wide-range VCO’s, MOS clock timers, 
multivibrators, high-voitage digital logic gates, and 
pulse, square-wave, and time-delay generators. The 
LM2903 was designed to directly interface with 
CMOS — where the low power drain of the LM2903 
is a large advantage over standard comparators. 


OUTPUT 


COMPARATOR NO. 1 
Z ON HOLVEVdINOD 


The outputs can be connected to other open-collector 
outputs to achieve wired-AND relationships. 


PIN 41S IN ELECTRICAL CONTACT 
WITH THE CASE. 
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TYPE LM2903 
DUAL DIFFERENTIAL COMPARATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 2. 2... ek ek ee ee eee) 686M 
Differential input voltage (see Note 2) oO oe oot Tee Ee amp at. Bard. of een ot oes oes) Ge We -he eS at Uke we at ot SOV 
Input voltage range (either input) . 2... . . . ee ee ee ew ew 60.3 V to 36 V 
Output voltage St leah ID, ds ope, ae A a. Me. ce. de Ue ae OV Gs Wi 2 i eS A we et ae 1 EN 
Output current ot, ea Bi a oe Sans re eg Ae ak eee ale ee et a Se mee tg eS oe Set ee OMA 
Duration of output short-circuit to ground (see Note 3) . ........ eee ee) untimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): JGorP package . . . . 900 mW 
L Ipackage + + 3, 625 mW 
Operating free-air temperature range igre Sige Sp om. ee Ge Ys! BS ORY Ger eo es ae oe. “ROE BSC 
Storage temperaturerange . .... 1... ee ee ee ee ke ee ee ee es = 65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: JGor Lpackage .......2.2.2..... . 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Ppackage .........2.2.. 4... . . . 260°C 
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


v inputoffearact Vee= 2s OOM, 
nput offset voltage me a 
ie ‘ Vic = Vicr: Vo= 1.4V Full range 
lio Input offset current Vo= 1.4V 
ull range 
| =25 _ =250 
‘iB Input bias current See Note 5 
ull range 
25°C 0 to 
Vcc —1.5 
Vcc =2 V to 36 V 


MIN TYP MAX | UNIT 


NO 
~ 


a 


a 
N 
2° 
oe Ro) 
3 


Input common-mode 


VICR 


voltage range 0 to 
Full range 
Small-signal differential Vcc = 18V, RL = 165 kQ, 
Avd anes 25 100 VimV 
voltage amplification Vo=14V 
IOH High-level output current 10 O 
Vipst¥Vo=30V 
V Low-level output voltage 


a 700 
IO. Low-level output current Vip =-1V, 
ae 
Vcc = 30 V Full range 


NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


< 
(2) 
oO 

nN 


=] 


~ =) 3 


Icc Supply current 


Pm [Pi < 


—_ 
y 
a 


switching characteristics, Vcc =5V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN 
100-mV input step 
Ri connected to 5 V through §.1 kQ,/ § 
with 5-mV overdrive 


Cy = 15pF,# See Note 6 
L P TTL-level input step 


+ 
< 
im) 


MAX 


Response time 


0.3 


core includes probe and jig capacitance. 
NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1.4 V. 


For typical application data, see LM2901 data sheet on page 170. 


Printed in U.K, 
TEXAS INSTRUMENTS 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT A 


iw 
NY 


Tl 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIE 


TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS 
WITH STROBES 


LINEAR 
INTEGRATED CIRCUITS 


BULLETIN NO. DL-S 7611671, MARCH 1972—REVISED JUNE 1976 


FORMERLY SN52506, SN72506 


e Each Comparator Identical to LM106 or e Fan-Out to 10 Series 54/74 TTL Loads 
LM306 with Common Vcc+, VCC_. Strobe Capability 


and Ground Connections Short-Circuit and Surge Protection 
Fast Response Times 


e Improved Gain and Accuracy 
description 


The TL506 is a dual high-speed voltage comparator, 
with each half having differential inputs, a low- 
impedance output with high-sink-current capability 
(100 mA), and two strobe inputs. This device detects ee 
low-level analog or digital signals and can drive digital 1B 

logic or lamps and relays directly. Short-circuit 
protection and surge-current limiting is provided. 


JOR N DUAL-IN-LINE PACKAGE OR 
W FLAT PACKAGE (TOP VIEW) 


OUTPUT OUTPUT STROBE 
GND v NC 28 


The circuit is similar to a TL810 with gated output. 
A low-level input at either strobe causes the output 
to remain high regardless of the differential input. 
When both strobe inputs are either open or at a high 
logic level, the output voltage is controlled by the 
differential input voltage. The circuit will operate 
with any negative supply voltage between —3 V and 
—12 V with little difference in performance. 


The TL506M is characterized for operation over the 

full military temperature range of —55°C to 125°C; ee Hee 
the TL506C is characterized for operation from 
O°C to 70°C. 


NON-INV Vcc_ 
INPUT 1 INPUT 1 


NON-INV INV STROBE 
INPUT 2 INPUT 2 2A 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 15 V 
Supply voltage VCC— (see Note 1) —15V 
Differential input voltage (see Note 2) +5 V 
Input voltage (any input, see Notes 1 and 3). +7V 
Strobe voltage range (see Note 1) . 0 VI to Vcc+ 
Output voltage (see Note 1) 24V 
Voltage from output to VCC-— Ei 30 V 
Duration of output short-circuit (see Note 4) : Sh * oh. eth ces ac 10s 
Continuous total dissipation at (or below) 25°C free-air femperature (see Note 5): Each amplifier . 600 mW 
Total package - . 800 mW 

Operating free-air temperature range: TL506M Circuits —55°C to 125°C 
TL506C Circuits . . O°C to 70°C 

Storage temperature range “4 —65°C to 150°C 
Lead temperature 1/16 inch from case e for 60 seconds: Je or W packade 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package 260°C 


NOTES: 1. 


terminal. 


aa ON 


One output at a time may be shorted to ground or either power supply. 


All voltage values, except differential voltages and the voltage from the output to Vcc_., are with respect to the network ground 


. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 


The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less. 


For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, VcC+ = 12 V, VcC— = —-3V to —12 V 
(unless otherwise noted) 


TL506M TL506C 
PARAMETER TEST CONDITIONSt = UNIT 
MIN TYP MAX | MIN TYP MAX 
25 1.68 
VIO Input offset voltage See Note 6 


Full range 


Average temperature coefficient 
avid See Note 6 


Full range 
of input offset voltage 


< 


"oOo Input offset current See Note 6 uA 
MAX 0.4 3 0.5 
Average temperature coefficient MIN to 25 C 16 75 24 100 
ano See Note 6 : nA/ Cc 
of input offset current 25 C to MAX 15 50 
nT} Input bias current Vo- O5Vto5V uA 


Full range 


Full range 


Low-level strobe voltage Full range 


Nes) Low-level strobe current Vistrobe) = 0.4 V 
VIH(S) High-level strobe voltage 


~ 
o 


Common-mode input 


Vec-~7=-7Vto-12V Full range 


voltage range 


Differential input 


Full range 


No load, Fs 
gas 25°C 

Vo=05Vto5V 

Vip=SmV,  IonH = -400uA Full range 


loi = 100 mA 


voltage range 


Large-signal differential 


voltage amplification 


High-level output voltage 


Vip = -o mV, 


Full range 


Low-level output voltage 


1OH High-leve! output current Vip=5mV, VoH=8V to 24V a Pi 
Full range 100 100 

loc Supply current from Vcc+ Vip = ~-SmvV, See Note 7 13.9& 20 13.98 20 

loc Supply current from Voce See Note 7 Full range 3.28 7.2 3.28 7.2 


TUntess otherwise noted, all characteristics are measured with the strobe open. 
SThese typical values are at Vocy = 12 V, Voc. = —6 V, Ta = 25°C. Full range (MIN to MAX) for TL506M is —55°C to 128°C and for the 
TLSO06C is OC to 70°C, 

NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vo _) 
Or up to the high range (Vow). Thus these parameters actually define an error band and take into account the worst-case effects 
of voltage gain and input impedance. 

7. Power supply currents are measured with the respective non-inverting inputs and inverting inputs of both comparators connected 
in parallel. The outputs are open. 


switching characteristics, VCC+ = 12 V, VcCc— = —6 V, Ta = 25°C 


PARAMETER TEST CONDITIONST UNIT 
MIN TYP MAX 
Response time, low-to-high-level output R_ = 3902 to5V, Cy = 1SpF, See Note 8 28 40 


NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical value is specified for a nominal threshold 


MIN TYP MAX 


voltage of 1.4 V. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


schematic (each comparator) 


TO OTHER 
COMPARATOR 


NONINVERTING O 


INPUT 
© OUTPUT 
INVERTING 
INPUT 
O GND 
TO OTHER 
Vcc.- COMPARATOR 


Resistor vatues are nominal in ohms. 


1}9—Input Offset Current—pA 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
20 
VOCE a IZ V 
18 Vec—=-6V 
ié Vo =05Vto5V 
xt a hanes io 
7. . 44 \ \ TL506C fs 
: s | 
5 12 : 
Ss) 
3 10 = 2 zs 
2 
an) - 
= TL506M 
7 6 
: _ 
— 4 =f 7 
; an a 
0 
—-75 -50 -25 O 25 50 75 100 125 —75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature— C 
FIGURE 1 FIGURE 2 
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TYPES TL506M, TL506C 


DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS: 


HIGH-LEVEL OUTPUT VOLTAGE 


VS 


FREE-AIR TEMPERATURE 


Vcc+ =12 V 
Vcc— =-3Vto -12 V 


TE Vip 
08 


0.6 


LOW-LEVEL OUTPUT VOLTAGE 
VS 


FREE-AIR TEMPERATURE 


Vecr=l2V 
Vcc— =-3Vto-12 V 


=—5h mV 


lot = 100 mA 


| 


0.4 


lor =50 mA 


VOH—High-Levei Output Voltage—V 


—-50 -25 0 25 50 


0.2 


VOL~—Low-Level Output Voltage—V 


0 


75 100 125 —75 


Ta--Free-Air Temperature—°C 


FIGURE 3 


DIFFERENTIAL INPUT VOLTAGE 


VOLTAGE TRANSFER CHARACTERISTICS 


Vo-—Output Voltage—V 


1Q—Output Current—A 


Vip—Differential Input Voltage—mV 
FIGURE 5 


tData for temperatures below 0°C and above 70 Cis applicable to TL506M circuits only. 


—50 -25 0 25 50 £75 
Ta—Free-Air Temperature—°C 
FIGURE 4 


OUTPUT CURRENT 
vs 


Vip—Differential Input Voltage—mV 
FIGURE 6 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS: 
LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION SHORT-CIRCU!IT OUTPUT CURRENT 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
80 000 ——7- z 04 poe : : 
: Vcc— =-3V to -12 V Vec+ =Vo=12V 
Re tots lee Vox te2V i Y aeearny 
F T RL =< i Vip =—-S mv 
Ss 60000 }----+Vcc+ = 12 V— + | | £ 0.3 See Note 9 
: Vec+ = 15 V 5 
z, i .~ a 
7 Vec+=10V 5 
S$ 40000 pot or S12 
3 S 
: cae Gace a a (aie nian ie 
go = 
Ge fo) 
5 20000 Eee b aes & 01 
| | 
= \ he O 
Z zs ae i i = 
0 fe) 
-75 -55 -25 0 25 50 768 100 125 -75 -50 -25 0 25 50 75 100 125 
TA~Free-Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 7 FIGURE 8 
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 
te) @® 
= D&D =~ —- 
8 8 
£3 | eo 
5 2.> 
oe ‘ 2 
ee = a 
- i i Vec+ =12V | o = 
| Vec—=-6V 
5 & Cy = 1 bpF 5 
= R_ = 390 Nto5V ss 
i 4 » 4 
@ | 20 g 
$3 $3 vere 
5 5 Vec+=12V 
a. o. sot 13 ne 
3 | ie Vices 6 V 
°) = 
| | 1 _2mvV il. Ne 15 pF 
2 1 Se eae R_ =3902to5V 
| Ta = 25°C 
) 0 r 
0 20 40 60 80 100 0 20. = 40 60 80 100 
t—Time—ns t—Time—ns 
FIGURE 9 FIGURE 10 


{Data for temperatures below O C and above 70 C is applicable to TL506M circuits only. 


NOTE 9: This parameter was measured using a single 5-ms pulse. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPCIAL CHARACTERISTICS; 


SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Vcc— 
vs vs 
SUPPLY VOLTAGE Vcc+ SUPPLY VOLTAGE Vcc 
20: eee 8 meee 
Vcc-=-6V 2 Vec+=12V 

F 18 + Ry =9° E ye eas aa 

ee | od paeanic 

© = S 6 

Ss qe > 

€ a £ 

\ 

= 12 —  *- ¥ - “ = £ : 

~ fan rm] 

5 # 5 

OB fewer t 2s een ae O 

> > : > 3 

re es aly Cenk eee S 

=) Wor 3 2 

” i ” 

iF Aoi ee ee - ; 

0 POEDS Rate SPOS PRA LORY MR Sen ee 0 ONS a, oe ee SRD LEE 
9 10 11 #12 13 14 #15 #16 #17 QO -2 -4 -6 -8 -—10 —12 —14 --16 
Vcc+-Positive Supply Voltage-V Vcc——Negative Supply Voltage--V 
FIGURE 11 FIGURE 12 


TOTAL POWER DISSIPATION 
vs 


FREE-AIR TEMPERATURE 


San aa 


1 
i 4 


i 


| | | } 
80 nina ! as | ie t 7 H ae Se is y* = aes Fares 
60 ae + eee asdce seein cee 5 SE bts 1 aos 

| 


40 + Vee, =12V aan 


| 

20 Vcé==6:9 | ey Em Sn sae i 
Rj =< { 
ees wilh etd 

-75 —50 -25 Q 25 50 75 100 125 


Ta-~—Free-Air Temperature— °C 
FIGURE 13 


Pp- Total Power Dissipation--mW 


EOData tor temperatures below G@ C and above 7G C ts applicabie to 
TLSOGEM circuits only. 
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LINEAR TYPES TL510M, TL510C 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBE 


BULLETIN NO, DL-S 7611452, MARCH 1971-REVISED JUNE 1976 


“= —=OVEC> 


Low Offset Characteristics schematic 
High Differential Voltage Amplification i 
Fast Response Times 
Output Compatible with Most TTL LE on 
and DTL Circuits 


description 


~---O STROBE 


62Vv 
note agate 
The TL510 monolithic high-speed voltage comparator GantenAs wi ee 

is an improved version of the TL710 with an extra RTO Spa ao UNO 
stage added to increase voltage amplification and oie 
accuracy, and a strobe input for greater flexibility. 

Typical voltage amplification is 33,000. Since the 

output cannot be more positive than the strobe, a 

low-level input at the strobe will cause the output to Eos er sateeon eieautsl 

go low regardless of the differential input. Component matching, inherent in integrated circuit fabrication techniques, 
produces a comparator with low-drift and low-offset characteristics. These circuits are particularly useful for applica- 
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector. 


TOV EK 


The TL510M is characterized for operation over the full military temperature range of —55°C to 125°C; the TL510C 
is characterized for operation from O°C to 70°C. 


terminal assignments 


JG OR P 
JOR N DUAL-IN-LINE DUAL-IN-LINE PACKAGE L PLUG-IN PACKAGE U FLAT 
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW) 


Out wad 
our ‘c+ PUT STROBE NC Ct so 
. Le foe oT AOBE bit 
NC NC NC Vcc: STROBE PUT NC 


fulfolfeyfn lets fe o pe 


so 


inv SS 


; bh le - fa is} GND NON INV Voc _ 


GND NON wl NC vec NL INV INPUT 
INV INPUT INPUT 
INPUT 


PIN 41S IN ELECTRICAL 
CONTACT WITH THE CASE 


NC-—-No internal connection 


absolute maximum ratings over operating free-air temperature range (urtess otherwise noted) 


Supply voltage Vcc+ (see Note 1) 2 2 6 we ee ee TAY 
Supply voltage Vcc (see Note 1) 2 6 we -7V 
Differential input voltage (see Note 2) cage gi Pat Go Sc Ie He BO A ey & ck tes 1S A a eB 
Input voltage (either input, see Note?) © 2 2 1 we TAM 
Strobe Voltage (see Note 1) Sele Ra Maat: ves Dd Bi oh. b tie Bh a we Wak gc me Ole ee oA dey OM 
Peak output current (tw <7 s) oer ee 2% & © a eee “FOIA 
Continuous total power dissipation at (or below} 70° °C oe air teraperature ies Note 3) So ee 800 mW 
Operating free-air temperature range: TL510M Circuits ©... ........ 2... 85°C to 125°C 

TL510C Circuits. bo a ae Ge “geen de ake eh OG 
Storage temperature range... . oe ee. 65°C to 150°C 
Lead temperature 1/16 inch from case for 60 becoride: ‘i IG, L, or U adeiae ee ele Bet elie, Hane IB0OTE 
Lead temperature 1/16 inch from case for 10 seconds: NorPpackage .-. . ..... 2... 2 es 260°C 


NOTES: 1. Ail voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
. ° ‘ bene 7 2 A 
3. For operation of the TL510M above 70 C free-air temperature, refer to Dissipating Derating Curves, Section 2. 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


electrical characteristics at specified free-air temperature, VCC+ = 12 V, VCcCc— = —6 V 
{unless otherwise noted) 


PARAMETER 


MIN TYP MAX MIN TYP MAX 
1.6 3.5 


G fistuok Rs < 2002, 0.6 2 : y 
Nput offset voltage m 
Average temperature coefficient Rs = 502, MIN to 25°C 3 10 
avin uvVPC 
of input offset voltage See Note 4 25°C to MAX 3 10 


arc CTC YC 
See Note 4 : : 


See Note 4 


ho Input offset current 


Average temperature coefficient 


a 
pe of input offset current 
lig 


Input bias current 


NH (S) High-level strobe current 


See Note 4 


Vistrobe) = 5 V, 
Vio = -SmvV 

Vistrobe) = — 100 mV, 
Vip =S5mvV 


WL (S) Low-level strobe current 


Common-mode input 


Vv Full ran 5 
ICR voltage range . 


ViD Differential input voltage range t 
ri Large-signal differential No toad, 
vO voltage amplification Vo = 0t0o25V 
Vip = 6 mv. 
ie Full range 
'OH = 0 
VOH High-level output voltage 


Low-level output voltage 


Vistrobe) = 0.3 V, 
Vip =o mv, 


VoL 


Low-level output current 


‘To Output resistance 
CMRR Common-mode rejection ratio 


'cc+ Supply current from Vcoc+ 
cc Supply current from Voc 
Pp Total power dissipation 


tT Unless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL510M is ~55°C to 125°C and 
for the TL510C is O°C to 70°C. 


Vip = -SmvV, 
No load 


tThe algebraic convention where the most positive (least-negative) limit is designated as Maximum ts used in this data sheet for logic levels 

only, e.g., when O V is the maximum, the minimum limit is a more negative voltage. 

8 These typical values are at Ta = 25°C. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vo718V 
at Ta = —85°C, Vo = 1.4 V at Ta = 26°C, and Vg = 1 V at Ta = 125°C; for TL510C, Vo = 1.5 Vat Ty = 0°C, Vo = 1.4 V at 28°C, 
and Vg = 1.2 V at Ta = 70°C. These Output voltage levels were selected to approximate the logic threshold voltages of the types of 
digital logic circuits these comparators are intended to drive. 


switching characteristics, VcCc+ = 12 V, Vec— = —6 V, Ta = 25°C 


PARAMETER | eee TEST CONDITIONS ae ; MIN 
Response time RL =~, CL = 5pF, See Note 5 
Strobe release time RL =-, CL=50F, See Note 6 


NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive. 
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50% 
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level. 
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Vo—Output Voltage—V 


5 


Avo Differential Voltage Amplification—V/mV 


Vo—Output Voltage—V 


TYPES TL510M 


, TL510C 


DIFFERENTIAL COMPARATORS WITH STROBE 


TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 


FREE-AIR TEMPERATURE 


| nel | T T at 
Vec+ = 12 V 
Vec_ = -6V 


“Vo =O0t02.5V 
No load 


f 

— TLS! — 

= L510C -—» 
' 


0 125 


Ta—Free-Air Temperature—"C 


FIGURE 1 
OUTPUT VOLTAGE LEVELS 


vs 
FREE-AIR TEMPERATURE 


ae 


- 


VoH (Vip SMV. lon = 


eel oa ae a 


Vou'Vin 5 mV. ot * 0) 


-50 -25 


0 2 50 75 100 125 


Ta—FreeAw Termpersture—"C 


FIGURE 3 


TLS510M 


VOLTAGE TRANSFER CHARACTERISTICS 


Vec+ = 12V 
Voc— = -6 


Rs = 80 22 - 
No load 


coarse 


ae 


Ta = -55°C 


Ta = 25°C 
Ta = 125°C 
i 


! 


-2 = 


0 1 2 


Vip—Differential Input Voltage—mV 


FIGURE 5 


Vo—Output Voltage—V 


toy --Low-Level Output Current—mA 


Avp— Differential Voltage Amplification—V/mV 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
vs 


SUPPLY VOLTAGE 


Vo = 0t02.5V 


Vcc+—Posltive Supply Voltags—V 


FIGURE 2 


LOW-LEVEL OUTPUT CURRENT 


vs 


FREE-AIR TEMPERATURE 


2.20 ~~ ~~ 


-75 


fe aes | yoy r 


{ 
{ 
{ 


i H 
dee L anes Cee be —1 


-50 -25 0 25 50 76 100 


Ta—FreeAir Temperature—"C 


FIGURE 4 


TL510C 


VOLTAGE TRANSFER CHARACTERISTICS 
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Vip Differential Input Voltage—mV 


FIGURE 6 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 
vs vs 
FREE-AIR TEMPERATURE "5 FREE-AIR TEMPERATURE 
Voc+ = 12 Vv 
% Vec.. 7 -6V 
Q -Vic =-5V to5 Vv 
% As « 2002 
ia 
: § rae ae 
§ 
i : 
: 
A : 
x 
x 
= 
ra) 
Sea. 6. ae eo 208 100 2 -1§ -50 -% 0 % 50 7% 100 125 
Py ~ Tp -FreeAi Temperature C 
Ta ree-Air Temperature—°C 
FIGURE 7 FIGURE 8 
OUTPUT RESPONSE FOR STROBE RELEASE TIME 
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 
feleetcd eteme lee a eee . 
: i a v =12V $ 
BS fd ton mye tek Ott 3 
=5 Vec-= -6Y > 
a é ——--+- Cy = 5 pF g 
Rue == a 
ee his “Ta = 25°C 
4 a: Nees Gene 
} 3 i a Vien > ? 
3 1OmvV 2mvV 
3 a oe PER $ 
Salad teen ie : 
2 aNS, ° 
-4 ah. za Oo , ; 
oe sae DRGs aes id 0 5 10 15 2 26 30 35 40 
-—~Twmme-ns 
t- Time—ns 
FIGURE 9 FIGURE 10 
TOTAL POWER DISSIPATION 
7 - RESPONSE ifs 
} COMMON-MODE PULSE RESPONS FREE-AIR TEMPERATURE 
$ 180 a | a anaes oe 
s Voc+- 12Vv 
3 is 76V" 4 | 
z 400 r Vio 5 mv “T : t es ~ it conan TI 
= t | No Load | 
F : t 
é : 
cS) ra) 
: i 
. ; 
$ 2 
3 
3 
3 15 50 ~ 25 is) 5 “60 7§ 100 ‘125 
acs Ta--FreeAi Tempersture--°C 
FIGURE 11 FIGURE 12 


NOTE 4: These charac teristics are verified by Measurements at the following HEEB Sha tures and Output voltage levels: for TL510M, Vo = 1. a Vv 
at TA = - - 55° G, VG aia Vv ata 26° Cc. and Vo = 1 VatT, = 125° C. for TL510C, Vo = 1.5 VatTap = oc, Vo = 1.4 V at 25° Cc, 
and Vg = 1.2 Vat Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of 
digital logic circuits these cornparators are intended to drive, 
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LINEAR INTEGRATED TYPES TL514M, TL514C 
CIRCUITS DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


FORMERLY SN52514, SN72514 


e Fast Response Times e Low Offset Characteristics 


e High Differential Voltage Amplification e Outputs Compatible with Most TTL 
and DTL Circuits 


JOR N 
schematic (each comparator) DUAL.IN-LINE PACKAGE (TOP VIEW) 


AMPLIFIER No. 1 


AMPLIFIER NO 2 
NON. 

; INV INV out 

VCC . INPUT INPUT GNO VCC+STROBE PUT 


LUnLfwlfslfe 


NONINVERTING 
INPUT 


INVERTING 
INPUT 


OUT STROBEVGCs NC NON INV Wee. 
. PUT ; {NV INPUT 


INPUT 


AMPLIFIER NO 1 
AMPLIFIER NO 2 


Resistor vatues are in ohms. j 
ec i dake dices as oaSalk NC No internal connection 


description 


The TL514 is an improved version of the TL720 dual high-speed voitage comparator. When compared with the TL720, 
these circuits feature higher amplification (typically 33,000) due to an extra amplification stage, increased accuracy 
because of lower offset characteristics, and greater flexibility with the addition of a strobe to each comparator. Since 
the output cannot be more positive than the strobe, a low-level input at the strobe will cause the output to go low 
regardless of the differential input. 


These circuits are especially useful in applications requiring an amplitude discriminator, memory sense amplifier, or a 
high-speed limit detector. The TL514M is characterized for operation over the full military temperature range of -55 C 
to 125°C; the TL514C is characterized for operation from 0 C to 70 C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (seeNote1) 2... 2... fot Bie ne 2. DAY 
Supply voltage Vcc_ (seeNote1) 2... . 0... ... lV 
Differential input voltage (see Note 2) Sets ee GS oe ak. cy fe ee See le te he as et os Se 
Input voltage (any input, see Note 1) de Sis ah gee Sg, te Se Sat ts a ae bs as gd ee We Ea, heck oda EP 
Strobe voltage (see Note 1) 2. 2 2.) 8 wk 6V 
Peak output current (ty <1s) . . . aah Gp inten oh <b. So. AOA 
Continuous total dissipation at (or below) 70° C fises -air derapeeatira, (See Note 3): 

each comparator ............. ....,.. . . . 300 mW 

total package. 2 bb ew we ae a ae ee, & ae og BOOMW 
Operating free-air temperature range: TL514M Circuits . . ......2.~,.. 2.2.2... 2. . ~558°C to 125°C 

TLSIAC Circuits. & 30> a oO Kine ee Re eee BECWIOC 
Storage temperature range... . ok ey we ow aoe oe » & 5 o SBR Cte 150°C 
Lead temperature 1/16 inch from case foi 60 seconds J sackege se dn te A ee Eas ee Se ah 2 e800 S 
Lead temperature 1/16 inch from case for 10 seconds: Npackage .........2.2. 2.4... . . . 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal, 
2. Differential voltages are at the noninverting input terminal with respect to the inverting Input terminal. 
3. For operation of the TL514M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, VCC+ = 12 V, VCcC—=—-6 V 
(unless otherwise noted) 


TL514M TL514C 


PARAMETER TEST CONDITIONSt UNIT 
MIN TYP 
Rs < 200 82, 25°C 0.6 
Vio Input offset voltage mV 
See Note 4 Full range 
Average temperature coefficient Rs = 5082, MIN to 25°C 
a 
VIO of input offset voltage See Note 4 25 'C to MAX 
25C 
ho Input offset current See Note 4 MIN 
MAX 
Average teinperature coefficient MIN to 25°C 
2110 See Note 4 - 
of input offset current 25 C to MAX 
25°C 
ie Input bias current See Note 4 
Vv = 5V, 
Nits) High-level strobe current (strobe) uA 
Vip= SmvV 
Vv = -100 mV, 
MWHIS) Low-level strobe current tstrohe) mA 
Vip = 5mvV 
Common-mode input 
VicR Vcc-=-7V $5 Vv 
voltage range 
VID Differential input voltage range Full range +§ Vv 
Large-signal differential No load, 10 
AYO eee sie Vimv 
voltage amplification Vo = 010 2.5V 
Vip = 5mVv 
i 
VOH High-level output voltage OH Vv 
VoL Low-level output voltage Vistrobe) = 9.3 V, 
Vip = 5 mvV, Full range Vv 
lor = 0 
25°C 
Vip =-5mV, 
IOL Low-level output current MIN 
Vo=0 = 
MAX 
fo Output resistance Vo=1.4V 25°C Foo | 
CMRR Common-mode rejection ratio Rs < 200 2 Full range | dB | 
Icc+ Supply current from Voc q Full range 
Vip = -S mV, 
Icc— Supply current from Voc _4 Teer Full range 
0 loa —~ 
Pp Tota! power dissipation 4 Full range 


TUntess otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL514M is -—55°C to 125°C and 
for the TL514C is O'C to 70°C. 


The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 


only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


8 These typical values are at Ta = 25°C. 


F{suppy current and power dissipation limits apply for each comparator. 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Vo = 1.8 Vv 


at Ta = -55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ty = 
25°C, and Vo = 


types of digital logic circuits these comparators are intended to drive. 


125°C; for TL514C, Vg = 1.5 V at TA = OC, VO =1.4V at 


1.2 V at Ta = 70 C. These output voltage levels were selected to approximate the logic threshold voltages of the 


switching characteristics, VCC+ = 12 V, VcC— = —6 V, Ta = 25°C 


NOTES: 


PARAMETER 


TEST CONDITIONS 


Cy = SPF, 
CL - SpF, 


Response time 


Strobe release time 


See Note 5 
See Note 6 


5. The response time specified is for a 100-mV input step with 5-mV overdrive, 


For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 


added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50% 
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level. 


For typical characteristic curves, see the TL.510 data sheet on page 181. 


TEXAS INSTRUMENTS 


Printed in ULK, 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY | 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSS! 


LINEAR TYPES TL710M, TL710C 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 7611441, FEBRUARY 1971—REVISED JUNE 1976 


FORMERLY SN52710, SN72710 
e Fast Response Times 
e Low Offset Characteristics schematic 


e Output Compatible with Most TTL and 
DTL Circuits 


description 


The TL710 is a monolithic high-speed comparator 
having differential inputs and a low-impedance 
Output. Component matching, inherent in silicon 
integrated circuit fabrication techniques, produces NOMINVERTINN g 
a comparator with low-drift and low-offset charac- INVERTING g 
teristics. These circuits are especially useful for 

applications requiring an amplitude discriminator, 
memory sense amplifier, or a high-speed voltage 
comparator. The TL710M is characterized for opera- 
tion over the full military temperature range of 
—55°C to 125°C: the TL710C is characterized for 
operation from ee to 70°C. Component values shown are nominal. 


OOUTPUT 


GND O 


terminal assignments 


JORN JG OR P 
DUAL-IN-LINE DUAL-IN-LINE L U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) (TOP VIEW) 


NC NC VCC! ONG OUTPUT NC 


_fulfosfe]fu]folfs] fa] 


NONINVERTING! 
INPUT 


\ 


[Ure becel Ste iar 


NC GND NONIN INVERT NC VCC ¢ : 
GNO NONIN INVERT. NC 
ERTING ING VERTING ING 
Neu T INPUT GNO NON INV VCC INPUT INPUT 
INV INPUT PIN4 IS IN ELECTRICAL 
INPUT CONTACT WITH THE CASE 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 
Supply voltage Vcc_ (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (either input, see Note 1) 
Peak output current (ty, < 17 s) 


Continuous total power dissipation 
at (or below) 70°C free-air temperature (see Note 3) 
Operating free-air temperature range —55 to 125 


Storage temperature range —65 to 150 | —65 to 150 
Lead temperature 1/16 inch from case for 60 seconds | J, JG, L, or U package | 300 | 300 | 2G 
Lead temperature 1/16 inch from case for 10 seconds N or P package : 


NOTES: 1. All! voltage values, except differential voltages, are with respect to the network ground terminal. 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL710M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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186 


TYPES TL719M, TL710C 
DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, VCC+ = 12 V, VCcCc— = —6V 
(unless otherwise noted) 


TL710M TL710C 
PARAMETER TEST CONDITIONSt 


MIN TYP MAX |MIN TYP MAX 
25°C 
Input offset voltage Rs < 200 2, See Note 4 | 2c | 


UNIT 
mV 
Full range 


VIO 


on N 
Oto 


Average temperature coefficient 


a < Q See Note 4 Full range 
VIO of input offset voltage Bs se n0 Pereeere 3 


a i 
ho Input offset current See Note 4 Pulses 
ull range 

25°C 25 

hie Input bias current | See Note 4 paeonee 


Full range 
|750 1500 | 


_ 
oO 
—_ 

4 
> 


Vv 
Vip 


Input voltage range 


750 15 
500 

2 
Vip=—-15 mV, lot = 0 25°C 
Vip=-15mV, Vo =0 1. 

Vo = 1.4V 
Rg < 2002 7 


Differential input voltage range 


Large-signal differential 


eee See No load, See Note 4 
voltage amplification 


p= 


VoH High-level output voltage IOH = -0.5 mA 


VoL Low-level output voltage 


Vip = 15 mV, 


3) 
S 
| 
<|< <|<| § 


3 
> 


NO 
oO 
oO 


on 
ao 
© 
rs) 
3 fal 


Icc+ Supply current from Vocy+ Vip=-5Vto5V 25°C 5.4 m 
Icc— Supply current from Vcc— {(—10 mV for typ), 25°C -—3.8 --8.9 —3.8 m 
PD Total power dissipation No load 25°C 88 175 88 mw 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL710M, Vo = 1.8 V 
at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for TL710C, Vo = 1.5 V at Ta = OC, Vg = 1.4 Vat 
Ta = 25°C, and Vg = 1.2 V at Ta = 70°C. These Output voltage levels were selected to approximate the logic threshold voitages of 
the types of digital logic circuits these comparators are intended to drive. 


TFull range for TL710M is —55°C to 125°C and for TL710C is OC to 70°C. 


tthe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


switching characteristics, VCC+ = 12 V, Vcc— = —6 V, TA = 25°C 


TL710M TL710C 
RAMETER TEST CONDITIONS 
ae 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive. 
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Differential 


Vo—Output Voltage—V 


Vic¢—Common-Mode 


TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES 


MES SERRE SSE 
e[ [_ hfe teal Ipoh 
s 100 mV 
cls voor av | 
£ 
4 
3 
2 
1 
0 
a a ene) 
0 20 40 60 80 100 120 
t—Time—ns 
FIGURE 1 
COMMON-MODE PULSE RESPONSE 
VS 
ELAPSED TIME 
> 
iu 
oO 
8 
o 
> 
5 
jes 
£ 
> 
iM 
a 
6 
> 
5 
a 
3 
5 
= 0 40 80 120 160 
t—Time—ns 
FIGURE 3 


Differential 
Input Voltage 


Vo—Output Voltage—V 


Vo—Output Voltage—V 


OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES 


Voc+=12V 
Vcc— =-6V 
No load 

Ta = 25°C 


FIGURE 2 


OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Ta—Free-Air Temperature—°C 


FIGURE 4 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


TL710M TL710C 
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 


Vo—Output Voltage—V 
Vo—Output Voltage—V 


-§ -4 -3 -2 -1 0 1 2 3 4 #5 


Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 


FIGURE 5 FIGURE 6 


TOTAL POWER DISSIPATION 
vs 
FREE-AIR TEMPERATURE 


100 


95 


Pp—Total Power Dissipation—mW 
3 


Ta—Free-Air Temperature—°C 


FIGURE 7 
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LINEAR TYPE TL720C 
INTEGRATED CIRCUIT DUAL DIFFERENTIAL COMPARATOR 


BULLETIN NO. DL-S 7611440, MARCH 1971—REVISED JUNE 1976 
FORMERLY SN72720 . 

e Fast Response Times @ Low Offset Characteristics 
“e Output Compatible with Most TTL and DTL Circuits 


JORN 


schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR NO. 1 


NON COMPARATOR NO. 2 


INV) INV 
Vcc— INPUT INPUT GND Vcc+ NC OUTPUT 


NONINVERTING 
mPUT . 


INVERTING 
weur & 


GNOO 


OUTPUT NC Vcc+, NC NON INV Voc 
INV INPUT 
COMPARATOR NO. 1 INPUT 


Component values shown are nominal. COMPARATOR NO. 2 


NC—No internal connection 


description 


The TL720 is two high-speed comparators in a single package, each electrically identical to the TL710 and having 
differential inputs and a low-impedance output. Component matching, inherent in silicon monolithic circuit fabrication 
techniques, produces a comparator with low-drift and low-offset characteristics. This circuit is especially useful for 
applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed voltage comparator. The 
TL720C is characterized for operation from O°C to 70°C. 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note1) ©... 2. 2. 14 
Supply voltage Vcc_ (see Note?) . . 2... 2. TV 
Differential input voltage (see Note 2) . . 2. 2. 2.) et 
Input voltage (any input,see Note 1) 2... . . 2... ET 
Peak output current, each comparator (tw 1s)... 2... 10 mA 
Continuous total power dissipation: eachcomparator .........2.2.2.2.2.2.2. 2... . . 300 mW 

total package ew danse le, ay, be oe oie be ee a a MOGs Oe a @. ot 4 BOOT: 
Operating free-air temperaturerange «2... 1). ee ee 60° to 70°C 
Lead temperature 1/16 inch from case for 60 seconds: Jpackage .........2.2.2.2.2.2. 4... 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Npackage ............ 2... . 4 . 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voitages are at the noninverting input terminal with respect to the inverting input terminal. 


secs rma I ESP IP PT AS ES II 
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TYPE TL726C 
DUAL DIFFERENTIAL COMPARATOR 


electrical characteristics at specified free-air temperature, VCC+ = 12 V, VCC— = —6 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 


25°C 2 7.5 
Vio Input offset voltage Rs < 200 2, See Note 3 0°C to 70°C fp  SOs mV 
Average temperature coefficient . - é 
aVvio ; Rs < 2002, See Note 3 OCto 70C : pvc 
of input offset voltage 


< 


25°C 
ho Input-offset current See Note 3 5 5 LA 
B i LA 
I 
Vip __ Differential input voltage range esc es ahah ener See ak 25°C 
voltage amplification 
fo Output resistance Vo=t4v me | 200 #2| a 


7.5 
25°C 100 
1 Input bias current See Note 3 7 s 
oCto 70 C 
Large-signal differential 25°C 700 1500 
See Note 3 
VOH High-level output voltage Vip=15mV, toH=-O5mAl 25°C 25 32 4 
00 


ro) 


a 
CMRR Common-mode rejection ratio Rg < 2002 2c | 65) 90s—séd{«sBC*"D 


ee 


NOTE 3:These characteristics are verified by measurements at the following temperatures and output voltage levels) Vo = 1.5 V at 
Ta = oC, Vo = 1.4 V at Ta = 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the 
logic threshold voltages of the types of digital logic circuits these comparators are intended to drive. 


Lane? a Fe Li 
VoL Low-level output voltage Vip=—15mV, lo. =0 -1 -05 of v | 


lcc+ Supply current from Vcc+ (each comparator) 


Icc— Supply current from Vcc — (each comparator) 


Pp See 


Vip =-5Vto5V 
(—10 mV for typ), 
No load 


Total power dissipation (each comparator) 


tthe algebraic convention where the most-positive (least-negative) timit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


switching characteristics, Vcc+ = 12 V, VCcC— = —6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


NOTE 4: The response time specified is for a 100-mV input step with 5-mV overdrive. 


Typical characteristic curves on the TL710 data sheet, pages 187 and 188, are applicable for the TL720. 
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LINEAR TYPES TL810M, TL810C 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 7611449, MARCH 1971-REVISED JUNE 1976 


FORMERLY SN52810, SN72810 


Low Offset Characteristics schematic 
High Differential Voltage Amplification 

Fast Response Times 

Output Compatible with Most TTL 

and DTL Circuits | is 


—O Veo. 


description 


The TL810 is an improved version of the TL710 

high-speed voltage comparator with an extra stage Mo RIN 
added to increase voltage amplification and accu- boner 7 
racy. Typical amplification is 33,000. Component She 
matching, inherent in monolithic integrated cir- 

cuit fabrication techniques, produces a compar. 

ator with low-drift and low-offset characteristics. 

These circuits are particularly useful for applica- Ree er ysluessaeenudnsrin ots 
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector. 


=O OUTPUT 


OVE’ 


The TL810M is characterized for operation over the full military temperature range of —55 °C to 125°C; the TL810C 
is characterized for operation from OC to 70°C. 


terminal assignments 


JG OR P 
JOR N DUAL-IN-LINE DUAL-IN-LINE L PLUG-IN PACKAGE U 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) FLAT PACKAGE (TOP VIEW) 


OuT 
NC Voc. NC PUT NC 


wlfolfalin|fwl[sifa is 


WERE ARA RS ae ata 


Ne GNO NON INV NC VOC GND NON INV Vou 
INV INPUT INY INPUT 


INPUT INES PIN 4 IS IN ELECTRICAL 


CONTACT WITH THE CASE 


NC -No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Voces (see Noted) «4.6.66 «4: 4/ go RP wed Rees eS aha e eee 2 Lb wee 2 TAY 
Supply voltage Voc (see Note: 1). s. . -.. ieee i Be eee a ee ER ee Se aoe, Be are SAV 
Differential input voltage (see Note 2) aS a A “ar evens Gee a oe ae ey os a ee ee een Ae ee 
Input voltage (either input, see Note 1) 2 |. eee TM 
Peak output current (tw <1 s) a cee Py ok Sue ataacomse ote 10 mA 
Continuous total power dissipation at (or Balow| 70° Te oe air jeraperatare ies Note 3) tee ee ee ©8300 mW 
Operating free-air temperature range: TL810MCircuits .......-...... 2.2... 55°C to 125°C 

TL SIOC Citeuits. 6 Sale Bo Rea e-oee ba eS ae &- OC 70C 
Storage temperature range... Sie Se gh Ala at do BE chatae hstaw mae Reads “So CAort50°C 
Lead temperature 1/16 inch from case ‘Gi 60 Seedide: i, JG,L,orU package ......... 2... 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N or P package. . 2... 1... ee ee 260°C 


NOTES: 1. Al!l voltage values, except differential voltages, are with respect to the network ground termina'. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL810M above 70 C free-air ternperature, refer to Dissipating Derating Curves, Section 2. 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vcc— = -6 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONSt 
MIN Typ 
Ag<2008, Se 
Vio Input offset voltage s ‘ 225 
See Note 4 Full range 


ry 
[ey 

oO 

oO 


Ww 


Average temperature coefficient Rs = 5022, MIN to 25 C 


p [MIN to 25°C _| 
VIO of input offset voltage See Note 4 25°C to MAX 
ho Input offset current See Note 4 1 


8 7 
MAX 0.25 3 
Average temperature coefficient MIN to 25°C 15 75 2 
ano ; See Note 4 7 
of input offset current 25 'C to MAX 
iB !nput bias current See Note 4 


y Common-moade input : 

ee | 
bai voltage range pales 
Vip Differential input voltage range Full range 


oO 


= 
foo) 
o 


ps 
= 


Dae (aed 
yan 


~ 
Onl on 


~ + 
on o 


Large-signal differential No load, 


—_ 
Oo 
129) 
Ww 


vb voltage amplification Vo = O0t0o2.5V Full range 


Vip =5 mV 
; =0 Full range 

VoH_ High-level output voltage ou 
Marana: F 2.5 3.68 
lon = —SmA ull range : 6: 
Vip = -SmvV, 

VoL Low-level output voltage lot = 0 Full range 1 


lOL Low-level output current 


To Output resistance 


CMRR Common-mode rejection ratio 


pS 
ve 
oa 


| Supply current from V 
CC+ pply CC+ Wiese 


Icc— Supply current from Voc nie iad 
o loa 


Po Total power dissipation 


TEull range (MIN to MAX) for TL810M is —55°C to 125°C and for the TL810C is O°C to 70°C. 


It The algebraic convention where the most positive (least negative) timit is designated as maximum 1s used in this data sheet for logic levels 

only, e.g., when O V is the maximum, the minimum limit is a More-negative voltage. 

These typical values are at Ta = 25 C. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 
1.8 V at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo =1VatTa = 125°C; for TL810C, Vo = 1.5 V at Ta = o°c, Vo=1.4V 
at 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 


switching characteristics, VCC+ = 12 V, Vcc— = -6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Response time RL =, CL = SpF, See Note 5 30 80 ns 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive. 
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Vo—Output Voltage—V 


TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


Veoc+ * 12 V 
Vcec_* -6Vv 
Vo =01025V 


Avp—Differential Voitage Amplification—V/mvV 


-76 -80 -2 Qo 2 80 76 #4100 126 
Ta—FreeAlr Tomperasture—"C 
FIGURE 1 


OUTPUT VOLTAGE LEVELS 
vs 


FREE-AIR TEMPERATURE 
ioe ae 


Von (Vip = SMV, Ions @ 


Vo—Output Vottege—V 


-76 -60 -26 0 ys 6 7% 100 1265 


Ta—Free-Air Tempersture—"C 


FIGURE 3 


TL810M 
VOLTAGE TRANSFER CHARACTERISTICS 


5 


Vip Differential Input Voltege—mV 
FIGURE 5 


Vo—Ourput Voitage—V 


Avyp— Differential Voltage Amplification—V/mV 


5 


l¢oL —Low-Levei Output Current—mA 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


10 "W 12 13 14 


Voc+—Posttive Supply Vottege—V 
FIGURE 2 
LOW-LEVEL OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 


-76 -60 -26 0O me 8 7% 100 126 


Ta—FreeAir Tempersture—"C 
FIGURE 4 


TL810C 
VOLTAGE TRANSFER CHARACTERISTICS 


Vip—Differentiai Input Voitage—mV 
FIGURE 6 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 
INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vec+ "12 V 
Voc. * -6V 
—— Vic = “SV IO BV 


typ —iaput Biss Curvent—pA 


CMR R—Common-Mode Rejection Retio-dB 


s 
-75 -80 -2% O y..} Lt) 7% 100 126 
Ta- Free-Aw Tempersture—"C 


FIGURE 7 FIGURE 8 


COMMON-MODE PULSE RESPONSE 


“Voces t2V 
_ Vee. * “6 
No Load 


FIGURE 9 


TOTAL POWER DISSIPATION 
OUTPUT RESPONSE FOR vs 


VARIOUS INPUT OVERDRIVES FREE-AIR TEMPERATURE 


Oitterential 
input Voltage 


Pp— Total Power Dissipstion—mwW 


Vo—Output Voltege—V 


50 
-75 -50 -26 0 rs] SO 75 #100 126 
Ta—Free-Air Temperature—°C 


FIGURE 10 FIGURE 11 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 
1.8 V at Ta = —-55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for TL810C, Vg = 1.5 Vat Ta = OC, VQ=1.4V 
at 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 
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LINEAR TYPES TL81iM, TL8TIC 


DUAL-CHANNEL DIFFEREN 
INTEGRATED CIRCUITS ; " Dea auee 


BULLETIN NO. DL-S 7611464, MARCH 1971—REVISED JUNE 1976 


FORMERLY SN52811, SN72811 
e Fast Response Times 


e Improved Voltage Amplification and Offset Characteristics 


e Output Compatible with Most TTL and DTL Circuits 
description schematic RinCMy Stes 

The TL811 is an improved version of the TL711 high- oa 
speed dual-channel! voltage comparator. Voltage 
amplification is higher (typically 17,500) due to an 
extra stage, increasing the comparator accuracy. The 
output pulse width may be ‘’stretched’’ by varying 
the capacitive loading. 


Each channel has differential inputs, a strobe input, ; 
and an output in common with the other channel. aa 
When either strobe is taken low, it inhibits the “=~ Sueur” 
associated channel. !f both strobes are simultaneously 
low, the output will be low regardless of the 
conditions applied to the differential inputs. 


These dual-channel voltage comparators are partic- Component values shown are nominal. 


ularly attractive for applications requiring an amplitude-discriminating sense amplifier with an adjustable threshold 
voltage. 


The TL811M_ is characterized for operation over the full military temperature range of —55°C to 125°C; the TL811C 
is characterized for operation from O°C to 70°C. 


terminal assignments 


JOR N L 


U FLAT 
DUAL-IN-LINE PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) 


PACKAGE (TOP VIEW) 


STROBE 
NC 1 


STROBE 
GND VcC+ OUTPUT 2 “ STROBE 1 GND VCC+ OUTPUT STROBE 2 


we UINV.) «NON. Vec- on ‘ey 
ET pore PINS IS IN ELECTRICAL CONTACT WITH THE CASE 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (untess otherwise noted) 


Supply voltage Vcc+ (seeNote 1) 2 6 1 ee 14V 
Supply voltage Vcc— (see Note 1) 2 6 6 ee -—7V 
Differential input voltage (see Note 2) P05 Se od. ac Dei tier cer denim ae hoch We “ac eee 2k be hI te Ca ee Se ee 
Input voltage (any input, see Note 1) © 2 6 6 +7 V 
Strobe Voltage (see Note 1) Sages fii, thee ae he Ue, Rc Tew ah aes a an ts Gs ee poh Oh 2) vee oe ed Se ee 
Peak output current (ty <1 s) back yal Sy ee Bie & “ge oe Se Ee ee ce (ew Bs Se SS 50 mA 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note3) . . . .. . =. . 300 mW 
Operating free-air temperature range: TL811M Circuits a ae ee a ee —55°C to 125°C 

TL8NIC Circuits 2 7 ee OPC 10. 70°C 
Storage temperature range 6 6 1 —65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: J,L,orU package .. - - - - +--+ +e ee: 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package... - . - . ee ee ee ee 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal}. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL811M above 70°C free-air temperature, refer to Dissipating Derating Curves, Section 2. 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, VCC+ = 12 V, VcCc— = —6 V 
(unless otherwise noted) 


TL811M 
PARAMETER TEST CONDITIONSt cess ae a 


Rs < 2002, 
Vic = 9, 

Vio Input offset voltage See Note 4 
Rs < 200 Q, 1 
See Note 4 


5 
Average temperature coefficient 
ay Vic = 9, 5 
of input offset voltage 
See Note 4 
0.5 3 0. 
Input offset current See Note 4 5 
: 25°C 
iT} Input bias current See Note 4 
Full range 30 


Common-mode input 
voltage range 


i Large-signal differential Vo =0to25V, : ‘ 
\ 0 
High-level output voltage on" 


Vip = 10 mV, 


VOH 


lIOH = -—5mMA 


Vip = -1O mV, 
lor = 0 


Vot Low-level output voltage Vip = 10 mV, 
Vi strobe) = 9.3 V, 
lol =0 
{OL Low-level output current Mibes es 25°C 
Vo =0 
Output resistance Vo =1.4V 25°C 
25°C 
Icc— Supply current from Vcc (—10 mV for typ), 


Pp Total power dissipation No load, See Note 5 |25°C 


TUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open, the strobe of the other channel is 
grounded, Full range for TL811M is —55°C to 125°C and for the TL811C is O°C to 70°C. 
tthe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 
NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voltage levets: for TL811M, 
Vo = 1.8 V at Ta = 55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 Vat Ta = 125°C; for TL811C, Vo = 1.5 V at Ty = o°C, 
Vo =1.4V at Ta = 25° C, and Vo = 1.2 V at 70°C. These Output voltage levels were selected to approximate the logic threshold 
voltages of the types of digital logic circuits these comparators are intended to drive. 
5. The strobes are alternately grounded. 


switching characteristics, VcC+ = 12 V, Vcc— = —6 V, TA = 25°C 


NOTES: 6. The response time specified is for a 100-mV input step with 5-mV overdrive. 
7. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 


added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50% 
point of the strobe voltage curve to the point where the. overdriven output voltage crosses the 1.4 V level. 
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TYPES TL811M, TL81iC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


Avyp—Differential Voltage Amplification—V/mV 


Vo—Output Voltage—V 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs vs 


FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Voc+=12V 
Yeos==aV 
V9 =0to2.5V 
No load 


Avp—Differential Voltage Amplification—V/mV 


-75 ~-50 --25 ¢) 25 50 75 100 125 10 11 12 13 14 


Ta—Free-Air Temperatu re—C Vcc+—Positive Supply Voltage—V 


FIGURE 1 FIGURE 2 
TL811M TL811C 
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 


> 

| 

oe 

¢ 

i) 

> 

5 

a 

q 

ie) 

> 

Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 
FIGURE 3 FIGURE 4 
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TYPES TL811M, TL8TIC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR STROBE RELEASE TIME 
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 
7 
co a 
- 3 
a? 3 
a 
> 
2 
= > 
i) { 
> ® 
a; ao 
5 2s 
= i) 
6 . 
| ] 
g g 
(o} 
> 
t—Time—ns t—Time—ns 
FIGURE 5 FIGURE 6 
COMMON-MODE PULSE RESPONSE 
— cee oe 
3 
8 7 | | |-+++4 
eee 
ge! 
nee 
Vf 0 
ea ae ead 
7 oe ee 
e | | {tl 
g 
or 
~ 2 
3 ae ies a ae eae 
3 i ee (Sec ES PRR a 
oe 
0 40 80 120 140 
t—Time—ns 
TEST CIRCUIT 
FIGURE 7 FOR FIGURE 7 
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TYPES TL811M, TL81IC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT TOTAL POWER DISSIPATION 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
Vec_=-6V oe Vec—*=-6V 
See Note 4 2 | Vip = —-10 mV 
ji i 
i 5 =o 
€ * Wiiaiae: 
5 4 
: j ieee! 
8 - 
: : eee 
a. i 
- 8 
| ° 
: f ee 
7 Q 
: ee 
~75 -50 —25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 8 FIGURE 9 


NOTE 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M, 
Vo =1.8V at Ta = -55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for TLB811C, Vo = 1.5 Vat Ta = °C, 
Vo =1.4V at Ta = 25°C, and Vo = 1.2 V at 70°C. These Output voltage levels were selected to approximate the logic threshold 
voltages of the types of digital logic circuits these comparators are intended to drive. 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 7611450, MARCH 1971—REVISED JUNE 1976 


FORMERLY SN52820, SN72820 


e Fast Response Times e Low Offset Characteristics 


e High Differential Voltage Amplification e Outputs Compatible with Most TTL 
and DTL Circuits 


: JORN 
schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR NO. 1 

NON COMPARATOR NO. 2 
INV INV 

Vcc~ INPUT INPUT GNO Vcc+ NC OUTPUT 


NONINVERTING 
INPUT 


INVERTING 
inpuT © 


L 
OuTPuT NC Vcc+ NC NON INV Vec- 
INV INPUT 
INPUT 


COMPARATOR NO 1 


COMPARATOR NO. 2 


Resistor values are in ohms. 


NC—No internal connection 
Component values shown are nominal 


description 


The TL820 is an improved version of the TL720 dual high-speed voltage comparator. Each comparator has differential 
inputs and a low-impedance output. When compared with the TL720, these circuits feature high amplification (typi- 
cally 33,000) due to an extra amplification stage and increased accuracy because of lower offset characteristics. They 
are particularly useful in applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed 
limit detector. The TL820M is characterized for operation over the full military temperature range of —55°C to 125°C; 
the TL820C is characterized for operation from O°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 2. 2 2.) eee 14 
Supply voltage Vcc— (see Note?) 2... 2. 2. ee TV 
Differential input voltage (see Note 2) be Sat ie ae Se, Se, a eS hae Shee, A St alae GPRS Ace Be as Be eo 
Input voltage (any input, see Note1) . . 2. 2... ee ee ee FTV 
Peak output current (tw <7 s) Boh te te The “aS eae ker Gy JS. aR aa, Ge Ge OTe Oe eh oe te Ge te ee CAO 
Continuous total power dissipation at (or below) 70°C free-air temperature: each comparator. . . . . . . 300 mW 
total package, (see Note 3). . . 600mW 

Operating free-air temperature range: TL820M Circuits ......2.2.2.2.2.2.2.2.2.. ~ —55°C to 125°C 
TES20C Circiits: nse 5 ee & me eet, Gee 2 ae ee OE to 70"E 

Storage temperature range... 2 1. we ek —65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: J package Gide we, Bg Sek Ge coe, He, 82 oe es “OOS 
Lead temperature 1/16 inch from case for 10 seconds: Npackage .. .......... 2... 2G 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL820M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, VCC+ = 12 V, VCC— = —6 V 
(unless otherwise noted) 


MIN TvP MAX 
See Note 4 
Average temperature coefficient Rs = 502, 
: 0.75 

See Note 4 

. Averoge temperature coefficient [ 

of input offset current 

B Input bias current See Note 4 


Ny 
Common-mode input 
VICR Vec-*-7V 


voltage range 


Differential input voltage range 
No load, 
Vo = 0to2.5V 
Vip 5 mv 
Vip = 5mvV, 
Vip = -SmvV, 
lor 70 


Vip = -S mV, 
Yo" MA 


lo Output resistance Vo=14V , 


CMRR Common-mode rejection ratio Rg < 2002 


TL820C 


3 
z 
4 


MIN 


< 


Ww 


Te) Input offset current 


3 
1s 
< | 3 S 


p=] 
> 
~~ 
ry 
oO 


a 


_ 
pan 
~ 
a 


_ 
or 


oj~n Ww 
iS) Pall nd 
o Pa 


: 
Ww 
oO 


» 
on 


+5 


= 


wW 
Ww 


i=} 
+ 


Ww 
WwW 


a 
a 


Large signal differential 2 


. : V/mvV 
voltage amplification 


VoH_ High-level output voitage 


VoL Low-level output voltage -1 -0.58 


4 


eae ee 


for Low-level output current 


o 
nn 
nN 
wW 


Supply current from Voc+ 
(each comparator) 


Icc+ Ful! range 


Vip = -S mV, 
No load 


Supply current from Vcoc-- 


~ 


lcc- Full range -3.58 -7 -3.58 - 


(each comparator) 


Pp Total power dissipation 
o (each comparator) 


tFulll range (MIN to MAX) for TL820M is —55°C to 125 C and for the TL820C is o°C to 70°C. 


3 
) 
a 
°o 
3 
ps 
a 
°o 


i) nN? oo nN LS) wv ND 
oy He | ale] < a| = oS 
oO |x val eae i= re) = |= re! ea 
ne Pell lek 
art on 
Als) ° 


tthe algebraic convention where the most positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
onty, e.g., when O V is the maximum. the minimum limit is a more-negative voltage. 


§ These typical values are at Ta = 25°C. 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voitage levels: for TL820M, Vo = 
1.8 V at Ta = ~55°C, Vo = 1.4 V at Ta = 25°C, and Vo =1 V at Ty = 128°C; for TLB20C, Vo = 1.5 Vat Tyg = 0°C, Vo = 1.4 V 
at 25°C, and Vg = 1.2 V at Ta ® 70°C. These Output voitage leveis were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators sre intended to drive. 


switching characteristics, VCC+ = 12 V, VcCc— = —6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TvPp MAX | UNIT 


NOTE 5: The response time specified is for a 100-mV input step with 5-mvV overdrive, 


For typical characteristic curves, see the TL810 data sheet on page 193. 


Printed in ULK. 
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LINEAR TYPE uA710M 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATOR 


BULLETIN NO. DL-S 7612415, JUNE 1976 


Fast Response Times 


e Low Offset Characteristics 
e Output Compatible with Most TTL and DTL 


babs schematic 
Circuits 
e Designed to be Interchangeable with Fairchild 
pA710 
description 
The uA710 is a monolithic high-speed comparator 
having differential inputs and a low-impedance out- 
put. Component matching, inherent in silicon inte- NONINVERTING g 
grated circuit fabrication techniques, produces a INVERTING g 
comparator with low-drift and low-offset character- 
istics. This circuit is especially useful for applications GND @ 


requiring an amplitude discriminator, memory sense 
amplifier, or a high-speed voltage comparator. The 
uA710M is characterized for operation over the full 
military temperature range of —55°C to 125°C. 


Component values shown are nominal, 


terminal assignments 


J JG 
OUEL-IN-LINE DUEL-IN-LINE L U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) (TOP VIEW) 


: 
NONINVERTING* @ pone 
INPUT i 
\ 


‘ 
INVERTING ® 
wWwRUT NS FO) 


NC GNONONIN INVERT NC Vec- GNO NON INV Vec- 
Mere INPUT INV INPUT GNO NONIN INVERT NC Vec.. 
INPUT pin (@)iS IN ELECTRICAL CONTACT wiTk CASE a te INPUT 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 2... 2... ee ee eee ee ee 14 
Supply voltage Vcc— (see Note1) . 2. 2. 2 2 2 we ek ee ee ew STV 
Differential input voltage (see Note2) 2. 2. ww we ee ee ee eee ee ee ww 6 EBV 
Input voltage (either input, see Note 1) 2. 2. 2. 2. 1 wk t7V 
Peak output current (tlw<1s) .... . Bylie : e Abe Se a ee Fes “40 mA 
Continuous total power dissipation at (or below) 25° C ee -air eéeiseratore S68 @ oe we Onl eo aw « a w SOO mW 
Operating free-air temperature range. . 2... 1. ee ee ee ee ee ee = 55°C to 125°C 
Storage temperature range .. . gle aha SK ake ae lel SS.“ ie ge at Se ee i SO tS 150°C 
Lead temperature 1/16 inch from case fae 60 sssoud: Or Syste Beik culltysstetea ae ie “nest abs ake Ais de ae. 8s a Oe 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2, Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2, 
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TYPE uA710M 
DIFFERENTIAL COMPARATOR 


electrical characteristics at specified free-air temperature, VCC+ = 12 V, VcC— = —6 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


25°C 
Vio Input offset voltage Rs < 2002, See Note 4 
Full range 
Average temperature coefficient 
avio : Rs < 502, See Note 4 Full range 
of input offset voltage 
25°C 
lio Input offset current See Note 4 
Full range 
Average temperature coefficient —55°C to 25°C 
a110 : See Note 4 = 5 
of input offset current 25 Cto125 C 
25°C 
Input bias current See Note 4 LA 


"1B i 
Large-signal differential 25°C 1250 1700 
AVD Laer No load, See Note 4 
voltage amplification Full range | 1000——(itsti‘*@' 
VOH 
OL 


25°C 
Low-level output current —55°C 
125°C 

6 Output resistance 25°C 

25° 
(10 nv for to) 25°C 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.8 V at 
Ta =—-55°C, Vo =1.4 V at Tp = 25°C, and Vo=1VatTas= 125°C. These output voltage levels were selected to approximate the 
logic threshold voltages of the types of digital logic circuits these comparators are intended to drive. 


TFull range for UA710M is -55C to 125°C, 


low 


r 


tThe algebraic convention where the more-positive (less-negative) limit is designated as maximum is used jn this data sheet for logic levels only, 
e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


switching characteristics, VCC+ = 12 V, VcCc— = —6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive. 


RR a a 0 TTI FT TS IE IE TT TI I DOA TE TE EE LET LOTS 
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TYPE uA7i0M 
DIFFERENTIAL COMPARATOR 


TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR VARIOUS OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 
3 3% 
Es a) 
5 - as 
> = 
8 a8 
% * 
3 6 
> > 
ec) | 
; $ 
° S 
a = ee “1 
0 20 40 60 80 100 120 
t-Time—ns t—Time—ns 
FIGURE 1 FIGURE 2 
COMMON-MODE PULSE RESPONSE OUTPUT VOLTAGE 
vs 
vs 
P 
SAPS EO IME FREE-AIR TEMPERATURE 
3 S 3 TT 
bd Gt Voec+ = 12 V VOH (Vip = 15 MV, IOH = --0.5 mA) 
6 s 2 —7tVcec- = -6V 
Es Ta = 25°C 
8 = 1 - —-.----- 
oe > 
> fe) & 
3 
> 
5 
a 
5 
° 
f : 
2.2 
So (9) + nal cae } —_— + | 
> 1 Vor 'Vip = -15 mV, lot = 0) 
2 
3 
9 “1 
= 0 40 80 120 160 -75 —50 --25 0 25 50 75 100 «125 
Ta—Free-Air Temperature—C 
t—Time—ns 
FIGURE 3 FIGURE 4 
TOTAL POWER DISSIPATION 
vs 
VOLTAGE TRANSFER CHARACTERISTICS FREE-AIR TEMPERATURE 
4 1 | T T el 
Vec=12V Ta=—58C Vec+ = 12V 
Vec— = -6V 
3 Vip =9 
A i No load 
° 
i 
o 3 
> a 
3 3 
= 5 
3 
? 3 
° 
ie) 
> 7 
eS 
1 diel ewes (eee Us 
-5 —-4 -3 -2 -1 0 1 2 3 4 «5 
Vip—Differential Input Voltage-mV Ta—Free-Air Temperature—°C 
FIGURE 5 FIGURE 6 
Printed in U.K. 
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TYPES uA7IIM, uATIC 
LINEAR INTEGRATED DUAL-CHANNEL DIFFERENTIAL COMPARATORS 
CIRCUITS WITH STROBES 


BULLETIN NO. DL-S 7611442, FEBRUARY 1971--REVISED JUNE 1976 


FORMERLY SN52711, SN72711 


e Fast Response Times e Output Compatible with Most TTL and DTL Circuits 
e Low Offset Characteristics e Designed to be Interchangeable with Fairchild .A711 and »A711C 


description schematic 
The uA711 is a high-speed dual-channel comparator 
with differential inputs and a low-impedance output. 
Component matching, inherent with silicon mono- 
lithic circuit fabrication techniques, produces a 
comparator circuit with low-drift and low-offset 
characteristics. An independent strobe input is 
provided for each of the two channels, which when 
taken low, inhibits the associated channel. If both 
strobes are simultaneously low, the output will be 
low regardless of the conditions applied to the 
differential inputs. The comparator output pulse 
width may be ‘‘stretched’’ by varying the capacitive 
loading. These dual comparators are particularly 
useful for applications requiring an amplitude- 
discriminating sense amplifier with an adjustable threshold voltage. The uA711M is characterized for operation over 
the full military temperature range of —55°C to 125°C; the uA711C is characterized for operation from 0°C to 70°C. 

terminal assignments 


L JORN U FLAT PACKAGE 
PLUG-IN PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW) (TOP VIEW) 


STROBE STAOBE 
GND VCC. OUTPUT 2 STROBE) GNO VCC- OUTPUT STROBE 2 


INVERTING Q (7) vente 

INPUT 1 INPUT 2 

NONINVER TINGS (4) OAonnverrinc 
INPUT 1 SS Jo” ANPUT 2 


Bes wee 


INPUT 1 INV INV INPUT 2 
INPUT 1 INPUT 
the : ‘ INPUT 1 INPUT 2 
PIN 51S IN ELECTRICAL CONTACT WITH THE CASE 


NC—No Internal Connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 
Supply voltage Vcc— (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (any input, see Note 1) 
Strobe voltage (see Note 1) 


Peak output current (tw < 1 s) 
Continuous total power dissipation 
at (or below) 70°C free-air temperature (see Note 3) 


NOTES: 1. AH voltage values, except differentia! voltages, are with respect to network ground terminal. 
2. Oifferentiai voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of uA711M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES uA71IM, uATIIC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, VCC+ = 12 V, Vcc— = —6 V 
(unless otherwise noted) 


uA711M 
PARAMETER TEST CONDITIONST 
MIN TYP MAX 


Rg < 2002, Vic=0, 1 
1 


uA711C 
MIN TYP MAX 


c 
= 
~ 


ad 

ao 

[On = _ 
c on 


See Note 4 Full range 


Rs < 200 22, 25°C 
See Note 4 Full range 


Average temperature coefficient|Rs < 200 2, Vic = 9, a 
a ull range 
VIO of input offset voltage See Note 4 g 


Vio ‘Input offset voltage 


~ 
an 


5 
0.5 


No] — 
arn 


ho Input offset current See Note 4 a 
Full range 


iB Input bias current See Note 4 


N 
oO 

e 

> 


a 
—s 
m}wtmota > 
Oo olo olo 


Full range 


I1L(S) Low-level strobe current Vistrobe) = 9, Vip = 10 mV : 
Vi Input voltage range + 
+ 


Differential input 
VID 
voltage range 
i Large-signal differential No foad, 750 1500 
VD voltage amplification Vo =0t02.5V 500 
Vip = 10 mV, | =0 25°C 
VoOH High-level output voltage 1B Ou ea 
Vip=10mV,  IoH =—-5mA 


me 
O° 
nS 
° 


ao 


| 
N 
E 
N 
w 
~w 
SiSl ¢ I+ 
oa [ao 
| 
> = ‘ 
wn N 
Ld 
Nia 
o alo 
3 
> 


Bey 
oO 
on 


5 


Ww 
o 
NO 
on 
et) 
oa 


-0.5 


++ 
t 
~ 


5 
5 
1 
VoL Low-level output voltage Vip = 10MV, Vistrobe) = 0.3 V, , 


25 
25° 


: 
+ 
| 


fo. = 0 7 
lo. Low-level output current Vip =-10mV, Vo=0 0.5 : 
0 
4 


0 
CMRR Common-mode rejection ratio [Rg < 2002 70 #9 


2. 


hi 
© 
Nilo 
8 | co 


Icc+ Supply current from Vcc+ Vip =—5V to5V(—10 mV for typ), 


Icc— Supply current from Voc Strobes alternately grounded, 


Pp _‘ Total power dissipation No load 130 200 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo=18V 
at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for uA711C, Vo = 1.5 V at Ta = 0°C, Vo = 1.4 V at 
TaA= 25°C, and Vo = 1.2 V at 70°C. These Output voitage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 


TUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open. The strobe of the other channel is 
grounded, Full range for uA711M is —55°C to 125°C and for the uA711C is O°C to 70°C. 


tthe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 


only, e.g., when O V is the maximum, the minimum limit ts a more-negative voltage. 


switching characteristics, Vcc+ = 12 V, Vcc— = —6V, Ta = 25°C 


uA711M uA711C 
PARAMETER TEST CONDITIONS 


Response time No load See Note 5 
Strobe release time No load, See Note 6 


NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive. 


6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50% 
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level. 


TEXAS INSTRUMENTS 


TYPES uA71iM, uA7IIC 


DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


VS 


FREE-AIR TEMPERATURE 


Vcc+= 12 V 


“T>> See Note 4 


—tT- Vee =-6V 


No load 


A711C 
scare ela 


mi 


3000 


2500 


2000 


1500 


Avq—Differential Voltage Amplification 


Avyqg—Differential Voltage Amplification 


500 


-75 -50 -25 0 25 50 


75 100 


Ta—Free-Air Temperature—°C 


FIGURE 1 


INPUT BIAS CURRENT 


vs 


FREE-AIR TEMPERATURE 


Vec+=12V 
Vcc— = -6V 
See Note 4 


125 


tjg—Input Bias Current—vA 


-—75 -50 —-—25 0 25 50 


75 100 


Ta—Free-Air Temperature— C 


FIGURE 3 


Pp—Total Power Dissipation—mW 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


11 12 13 14 


Vcc+—Positive Supply Voltage—V 


FIGURE 2 


TOTAL POWER DISSIPATION 


vs 


FREE-AIR TEMPERATURE 


Vcc+ = 


Vcc—=-6V 


No load 


12 V 


~—25 0 25 50 75 100 125 


Ta—Free-Air Temperature—C 


FIGURE 4 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo = 1.8 V 
at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ty = 125°C; for uA711C, Vo = 1.5 V at Ta = OC, Vo = 1.4 V at 
Ta = 25°C, and Vo = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 


types of digital logic circuits these comparators are intended to drive. 
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TYPES uA7IIM, uA7TIC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


masa SP A SIP 


TYPICAL CHARACTERISTICS 


uA711M uA711C 
VOLTAGE TRANSFER VOLTAGE TRANSFER 
CHARACTERISTIC CHARACTERISTICS 
STE Gap iealin Gann) haee amen oan rea ae ee a a 5 ---~ ann te 
Vec+ = 12 V ! a Vcc+ 
Veo = “ON i | Vcc. 
| Tas ; | 
| f 
3. > 
3° o. See 
g 8 
S _ 
> $ 
Se Set 
& 2 
3 3 
; ; 
eo) fe) 
> > 


OE ae ae ou) ee eee 


ae ee ae a: a a a | 


~Di ial Voitage--mV 
MID Se REI RU OR INPUT eo Nedes Vip—Differential Input Voltage—mV 


FIGURE 5 FIGURE 6 
OUTPUT RESPONSE FOR STROBE RELEASE TIME 
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 


-~ & 
© © > 
c Oo © 
wo 
tae i 8 
. a _ Voc+ = 12 V 8 
= Voc-=-6V cr) 
2 
° 
a 
7 
® > 
& ® 
3G 
$ z 
ba G) 
a > 
3 5 
(e) a 
5 
2) oe) 
> i 
= 8) 5 10 15 20 25 30 35 40 
t-—Time—ns Re Ue NS 
FIGURE 7 FIGURE 8 
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VOLTAGE REGULATOR SELECTION GUIDE 


VOLTAGE REGULATORS 


adjustable voltage regulators 


Re “et 
Output voltage 
Input voltage L MIN 
Input-to-output voltage 
difference, minimum 
Standby current, maximum 


Temperature Differential Reference 


_. Regulator 
Coefficient Regulator Input 


Current 
of Vrof Resistance Current 


Range 


TYP TYP MAX. 


POSITIVE | NEGATIVE 


uA78XX uA78MXX uA78LXX uA79XX uA79MXX UNIT 
SERIES SERIES SERIES SERIES SERIES 


SEE LISTING BELOW FOR OUTPUT VOLTAGES AVAILABLE 


SEE INDIVIDUAL DATA SHEETS 


T2 mA to 3.5 mA, depending on individual type 


AVAILABLE OUTPUT 2.6V 5V 6V 6.2 V 8V 85V 12V 15V 18V 20 V 24V 
VOLTAGES ° 


uA78XX SERIES 
uA78MXX SERIES 


uA78LXX SERIES 
uA79XX SERIES (—) 
uA79MXX SERIES (—) 
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GLOSSARY 
VOLTAGE-REGULATOR TERMS AND DEFINITIONS 


SERIES REGULATORS 


Input Regulation 
The change in output voltage, often expressed as a percentage of output voltage, for a change in input voltage from one 
level to another level. 
NOTE: Sometimes this characteristic is normalized with respect to the input voltage change. 


Ripple Rejection 


The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage. 
NOTE: This is the reciprocal of ripple sensitivity. 


Ripple Sensitivity 
The ratio of the peak-to-peak output ripple voltage, sometimes expressed as a percentage of output voltage, to the 
peak-to-peak input ripple voltage. 
NOTE: This is the reciprocal of ripple rejection. 


Output Regulation 


The change in output voltage, often expressed as a percentage of output voltage, for a change in load current from one 
level to another level. 


Output Resistance 
The output resistance under small-signal conditions. 
Temperature Coefficient of Output Voltage (ayo) 


The ratio of the change in output voltage, usually expressed as a percentage of output voltage, to the change in 
temperature. This is the average value for the total temperature change. 


Vo atT2—VoatTy 100% 
Vo at 25°C T2-T] 


ayo = + 
Output Voltage Change with Temperature 


The percentage change in the output voltage for a change in temperature. This is the net change over the total 
temperature range. 


Output Voltage Long-Term Drift 


The change in output voltage over a long period of time. 


Output Noise Voltage 


The rms output noise voltage, sometimes expressed as a percentage of the dc output voltage, with constant load and no 
input ripple. 


Current-Limit Sense Voltage 


The current-sense voltage at wich current limiting occurs. 


TEXAS INSTRUMENTS 


GLOSSARY 
VOLTAGE-REGULATOR TERMS AND DEFINITIONS 


Current-Sense Voltage 


The voltage that is a function of the load current and is normally used for control of the current-limiting circuitry. 


Dropout Voltage 


The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input 
voltage. 


Feedback Sense Voltage 

The voltage that is a function of the output voltage and is used for feedback control of the regulator. 
Reference Voltage 

The voltage that is compared with the feedback sense voltage to control the regulator. 
Bias Current 


The differance between input and output current. 
NOTE: This is sometimes referred to as quiescent current. 


Standby Current 

The input current drawn by the regulator with no output load and no reference voitage load. 
Short-Circuit Output Current 

The output current of the regulator with the output shorted to ground. 
Peak Output Current 


The maximum output current that can be obtained from the regulator due to Jimiting circuitry within the regulator. 


SHUNT REGULATORS 
NOTE: These terms and symbols are based on JEDEC and JEC standards for voltage regulator diodes. 
Shunt Regulator 
A device having a voltage-current characteristic similar to that of a voltage-regulator diode; normally biased to operate 
in a region of low differential resistance (corresponding to the breakdown region of a regulator diode) to develop across 
its terminals an essentially constant voltage throughout a specified current range. 
Anode 
The electrode to which the regulator current flows within the regulator when it is biased for regulation. 


Cathode 


The electrode from which the regulator current flows within the regulator when it is biased for regulation. 
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GLOSSARY 
VOLTAGE-REGULATOR TERMS AND DEFINITIONS 


Reference Input Voltage (Vref) (of an adjustable shunt regulator) 
The voltage at the reference input terminal with respect to the anode terminal. 
Temperature Coefficient of Reference Voltage (aVref) 


The ratio of the change in reference voltage to the change in temperature. This is the average value for the total 
temperature change. 


To obtain a value in ppm/C: 
Vref atT2—Vref atT,] 106 
Vref at 25°C T2-T1 


AVref = 


Regulator Voltage (Vz) 

The dc voltage across the regulator. 
Regulator Current (Iz) 

The dc current through the regulator when it is biased for regulation. 
Regulator Current near Lower Knee of Regulation Range (17K) 


The regulator current near the lower limit of the region within which regulation occurs; this corresponds to the 
breakdown knee of a regulator diode. 


Regulator Current at Maximum Limit of Regulation Range (!z) 
The regulator current above which the differential resistance of the regulator significantly increases. 
Differential Regulator Resistance (rz) 


The quotient of a change in voltage across the regulator and the corresponding change in current through the regulator 
when it is biased for regulation. 


Noise Volage (Vnz) 


The rms noise voltage with the regulator biased for regulation and with no input ripple. 
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LINEAR 
INTEGRATED CIRCUITS 


FORMERLY SN52104, SN72104 
e Typical Load Regulation... 1mV 
e Typical Input Regulation . . . 0.06% 


@ Designed to be Interchangeable with National 
Semiconductor LM104, LM204, and LM304 
Respectively 


description © 


The LM104, LM204, and LM304 are monolithic 
integrated circuit voltage regulators that can be 
programmed with a single external resistor to provide 
any voltage between —40 volts and approximately 
O volts while operating from a single unregulated 
negative supply. When used with a separate floating 
bias supply, these devices can provide regulation with 
the output voltage limited only by the breakdown 
characteristics of the external pass transistors. 


Although designed primarily for application as linear 
series regulators at output currents up to 
25 milliamperes, the LM104, LM204, and LM304 can 
be used as current regulators, switching regulators, or 
control elements with the output current limited by 
the capability of the external pass transistors. The 
improvement factor for load regulation is approxi- 
mately equal to the composite current gain of the 
added transistors. The devices can be used in either 
constant-current or fold-back current-limiting applica- 
tions. 


The LM104 is characterized for operation over the 
full military temperature range of —55°C to 125°C; 
the LM204 is characterized for operation from 
—25°C to 85°C; and the LM304 is characterized for 
operation from 0°C to 70°C. 


TYPES LM104, LM204, LM304 
NEGATIVE-VOLTAGE REGULATORS 


L PLUG-IN PACKAGE 
(TOP VIEW) 


BULLETIN NO. DL-S 7612052, SEPTEMBER 1973—REVISED JUNE 1976 


REGULATED 


REFERENCE 


REFERENCE 
SUPPLY 


UNREGULATED 
INPUT 


PINS IS IN ELECTRICAL CONTACT 


WITH THE CASE 
JOR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


BOOST. CUR. 
REG ER RENT UNREG 
GNO OUTPUT OUTPUT LIMIT INPUT 


NC ADJ REF REF COMP 
SUPPLY 


NC—No internal connection 


schematic 


ADJUSTMENT 


REFERENCE 
INPUT 


UNREGULATED 
INPUT 


REFERENCE 
SUPPLY 


Component values shown are nominal. 
Resistor vajues are in ohms. 


REGULATED 
OuTPUT 


BOOSTER 
OUTPUT 


CURAENT 
LIMIT 


COMPENSATION 


OUTPUT 


BOOSTER 
OUTPUT 


NC 
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TYPES LM104, LM204, LM304 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Lead temperature 1/16 inch from case for 60 seconds: Jor L package 


Lead temperature 1/16 inch from case for 10 seconds: N package 


NOTES: 1. Voltage values, except input-to-output voltage differential, are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, Raeca, of not more than 105° C/W. 


M304 


Input voltage, Vj -8 —40 
eae io = 20 mA 
Input-to-output voltage differential, V; — Vo V 
05-50] 05 -s0| 05 40 
20 


Operating free-air temperature, Tp 


recommended operating conditions 


electrical characteristics over recommended ranges of input and output voltage and operating 
free-air temperature (unless otherwise noted) 


TEST CONDITIONST 


PARAMETER 


Vo=-5VtoMAX, Av, =0.1 Vi 
See Notes 3 and 4 


| _ C1= 10uF, V, = —15 V to MAX 0.2 05 0.2 05 
Ripple sensitivity mvV/V 
V/kKQ 


Input regulation 


: lo = Oto 20mMA, Rsc = 1622, 
Output regulation 1 5 mv 
See Note 3 


R1=24kQ, See Figure 2 18 rae eee: EEE 
with temperature Ta = 25°C to Ta = MAX ae ieee 
| Vo = -5V to MAX, 0.007 0.007 
Output noise voltage 
f= 10 Hz to 10 kHz | C1 = 10 uF i eee ee Ce 


Vo=0 17° 2.5 1.7 2.5 
Bias current Igo =5mA Vo=—-30V . 


tEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
NOTES: 3. Input regulation and output regulation are measured using putse techniques (ty, < 10 us, duty cycle < 5%) to limit changes in 
average internal dissipation. Output voltages due to large changes in internal dissipation must be taken into account separately. 


4. At zero output voltage, the output variation can be determined using the ripple sensitivity. At low voltages (i.e.,O0 to —5 V), the 
output variation determined from the ripple sensitivity must be added to the variation determined from the input regulation to 
determine the overall line regulation. 
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TYPES LM104, LM204, LM304 
NEGATIVE-VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


+ Cl 
10 uF 
~ tantalum 


t 
tee VO IN 
. 1% lo. 2A 


REF 
SUPPLY 


BOOSTER 
OUT 


UNREG 
INPUT CURRENT 
COMP LIMIT 


Vi 12 V to MAX 


47 uF 
af 


FIGURE 2—HIGH-CURRENT REGULATOR 


FIGURE 1—BASIC REGULATOR CIRCUIT 


C1 
80 LF 
tantalum 


C1 
4.7 uF 
tantalum 


2.4 ki: 


REF 
SUPPLY 

BOOSTER 

OUT 


Vinas = 10 V 


UNREG 


INPUT = CURRENT 
COMP __LIMIT 


VI 
Vi: 8.5 V to MAX 
L1: 60 turns #20 on Arnold Engineering A930157-2 


molybdenum permailoy core, or equivalent 


FIGURE 3-SWITCHING REGULATOR FIGURE 4—OPERATING WITH SEPARATE BAIS SUPPLY 


TTrim R1 for exact scale factor. 


Printed in U.K, 
Ti cannot assume any responsibility for any circuits shown T 
EXAS INSTRUMENTS 


or represent that they are free from patent infringement. 
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LINEAR TYPES LM105, LM205, LM305, LM305A, LM376 
INTEGRATED CIRCUITS POSITIVE-VOLTAGE REGULATORS 


BULLETIN NO. DL-S 7612057, SEPTEMBER 1973—REVISED JUNE 1976 


FORMERLY SN52105, SN72305, JGORP 
SN72305A, SN72376 DUAL-IN-LINE PACKAGE (TOP VIEW) 
e Low Standby Current ...0.8 mA Typ CATED SHUT, FEED. BY. 


OUTPUT DOWN BACK PASS 


e Adjustable Output Voltage 


e Load Regulation ...0.1% Max 
(LM105, LM205, LM305) 


e Input Regulation .. .0.06%/V Max 


e Designed to be Interchangeable with 
National LM105, LM205, LM305, LM305A, 
and LM376 Respectively CUR” BOOST.UNREG GND 


RENT ER INPUT 
LiMiT OUT- 


description 


The LM105, LM205, LM305, LM305A and LM376 
are monolithic positive-voltage regulators designed for 
a wide range of applications from digital power 


L 
PLUG-IN PACKAGE (TOP VIEW) 


‘ ue REGULATED 
Supplies to precision regulators for analog systems. OUTPUT 
These devices will not oscillate under conditions of COMPENSATION/ 
. ae ; : CURRENT SHUTDOWN 
varying resistive and reactive loads and will start LIMIT 
reliably with any load within the rating of the 
circuits. 


BOOSTER 
OUTPUT 


The LM105 is characterized for operation over the 
full military temperature range of —55°C to 125°C; UNREGULATED REFERENCE 
the LM205 is characterized for operation from vee ae 
—25°C to 85°C, and the LM305, LM305A, and 
LM376 are characterized for operation from O°C 
to 70°C. 


PIN 4IS IN ELECTRICAL 
CONTACT WITH THE CASE 


schematic 


UNREGULATED _ {3} 
INPUT 


BOOSTER OUTPUT 


CURRENT LIMIT 


REGULATED OUTPUT 


. COMPENSATION 
SHUTDOWN 


FEEDBACK 


REFERENCE BYPASS 


Component values shown are nominal. 
Resistor values are in ohms. 
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TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Input voltage (see Note 1) 


Input-to-output voltage differential 


UNIT 


LM305 

LM376 
ie eee ie 
a ee ee 


Continuous total dissipation at (or below) 


25°C free-air temperature (see Note 2) 


Operating free-air temperature range —55 to 125 —25 to 85 
Storage temperature range —65 to 150 —65 to 150 —65 to 150 —65 to 150 


Lead temperature 1/16 inch from case ~ 466 00 ae an 56 
for 60 seconds: JP or L package 
Lead temperature 1/16 inch from case ban San ve Be se 
for 10 seconds: P package 

NOTES: 1. Voltage values, except input-to-output voltage differential, are with respect to network ground terminal. 


2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, Reca, of not more than 105°C/W. 
UNIT 
Vv 


recommended operating conditions 


Input-to-output voltage 3 30 
differential, Vi-VoO 


Operating free-air _55 125 : oe 
temperature, TA 


M105, LM205 M305 
PARAMETER TEST CONDITIONS? = LM2 L 
MIN. TYP MAX| MIN TYP MAX 


; Vi-Vo <5V 0.025 0.06 0.025 0.06 

Input regulation See Note 3 %IN 
Vi-Vo>5V 0.015 0.03 0.015 0.03 

Ripple sensitivity Cref = 10 uF, f = 120 Hz 0.003 0.01 0.003 0.01 | %/V 


0.02 0.05 


0.0301 
Rgc = 102, Ta = MAX 0.03 0.1 


Rsc = 15 2, Ta = MAX 


Output voltage change Ta = MIN to Ta = 25°C 
with temperature Tp = 25 C to Tp = MAX Pe ee 
Output noise voltage 


0.002 0.002 


1.63 1.7, 1.81 | 163 1.7 1.81 
wMesovOCOCOCOC‘dR(C“‘#]CSS#OW 2 
ses ice Fie (a ere, 


TThese specifications apply for input and output voltages within the ranges specified under recommended operating conditions and for a 
divider impedance of 2 kQ presented to the feedback terminal, unless otherwise noted. 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

NOTES: 3. Input regulation and output regulation are measured using pulse techniques (ty, < 10 ys, duty cycle < 5%) to limit changes in 


LM376 


30 3 30 


Ww 
w 
oO 
Ww 
Ww 
o 
w 


i= 
= 
nO 


= 


Cc 
2 


Io = Oto lo= 12mMA, | 
See Note 3 


Output regulation (see Note 4) 
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f = 10 Hz to 10 kHz 


Ww 
8 
wW 
~ 
ol 


32 
< 


average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 
separately. 

4. Load regulation and output currant capacity can be improved by the addition of external transistors. The improvement factor will 
be approximately equal to the composite current gain of the added transistors. 

5. Current-limit sense voltage is measured without an external pass transistor. 
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TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 


LM305A, LM376 electrical characteristicst at 25°C free-air temperature (unless otherwise noted) 


LM305A 376 
PARAMETER EM UNIT 
MIN TYP MAX |MIN TYP MAX 
Vi-Vo <5V 0.025 0.06 0.03 
Input regulation 0.03 | %/V 


Vi-Vo>5V See Note 3 0.015 0.03 


TEST CONDITIONS# 


Ta = 0°C to 70°C 
Cref = 10 uF, f = 120 Hz 0.003 


f = 120 Hz 


Output voltage change Ta = 0°C to Tp = 25°C 
with temperature Ta = 25°C to Ta = 70°C 
7 Cref = 0 
Output noise voltage f = 10 Hz to 10 kHz 
Cre¢ > 0.1 WF 0.002 


1.55 : 
Sesdbaciveenssvalines 
Ta =O CtoTa=70C 1.6 


Current limit sense voltage Rsc = 102, Vo=OV, See Note 5 225 300 375 300 


= 0.8 2 
Standby current 


T These specifications apply for input and output voltages within the ranges specified under recommended operating conditions, and for a 

divider impedance of 2 kS2 presented to the feedback terminal, unless otherwise noted. 

tFor conditions shown as MIN or MAX, use the appropriate vaiue specified under recommended operating conditions. 

NOTES: 3. Input regulation and output regulation are measured using pulse techniques (ty, < 10 us, duty cycle < 5%) to limit changes in 
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 
separately. 

4. Load regulation and output current capacity can be improved by the addition of external transistors. The improvement factor will 
be approximately equal to the composite current gain of the added transistors. 
5. Current-limit sense voltage is measured without an external pass transistor. 


TYPICAL APPLICATION DATA 


19 = Oto Io = MAX, 
. See Note 3 


fon k®) 
wn] rh 


Se " 


Output regulation (see Note 4) 
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CURRENT 
LIMIT 


REG 
OUTPUT 


COMP 
SHUTDOWN 


ig 200 mA 
Vo- 15V 


FEEDBACK 
GND 


32 
sm 
Rsc 
FIGURE 1—BASIC REGULATOR FIGURE 2—LINEAR REGULATOR 
WITH CURRENT LIMITING WITH FOLDBACK CURRENT LIMITING 


a Ne 
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TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


3.3 pF 
15 V 
Solid 

tantalum <& 


SHUTDOWN 


47 
FEEDBACK 
a 


FIGURE 3—10-A REGULATOR WITH 
FOLDBACK CURRENT LIMITING 


4.7 pF 
Solid 
tantalum 


CURRENT 
BOOSTER ae 


OUTPUT 
REG 
UNREG OUTPUT 
INPUT comp 
as SHUTDOWN 47 pF 
Bypass FEEDBACK 
oo 


FIGURE 4—CURRENT REGULATOR 


CURRENT 
BOOSTER 
OUTPUT nat 


vi 


Tt Protects against input voltage reversal. 
*Protects against shorted input or Inductive loads on unregulated supply. 


8 Protects against output voltage reversal. 


FIGURE 5—1-A REGULATOR WITH 
PROTECTIVE DIODES 


1N4728 
3.3V 


CURRENT 
BOOSTER LIMIT 


UYREG OUTPUT WW 
INPUT comp 11.1k2 
a SHUTDOWN 47 pF 
BYPASS FEEDBACK : 
GND 
2.44 k02 


to € 200 mA ¢ 


TIP32 


SHUTDOWN 


FEEDBACK 
GND 


Vyp=15V 
Vo = 10 V 
FIGURE 7—SWITCHING REGULATOR | 


FIGURE 6—SHUNT REGULATOR 


Printed in U.K. 


Tl cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. 
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LINEAR TYPES LM109, LM209, LM309 
INTEGRATED CIRCUITS 5-VOLT REGULATORS 


BULLETIN NO. DL-S 7612056, SEPTEMBER 1973—REVISED JUNE 1976 


FORMERLY SN52109, SN72309 


LA PLUG-IN PACKAGE 
(TOP VIEW) 


e No External Components Required for Most Applications 
e Output Current. ..500 mA Max 
e Satisfies 5-V Supply Requirements of TTL and DTL 


e Virtually Blow-Out Proof Due to Internal Current 
Limiting, Thermal Shutdown, and Safe-Operating- 
Area Compensation 


INPUT G) 


ore \@) @/ore 


PIN3 IS IN ELECTRICAL 
CONTACT WITH THE CASE 


e Designed to be Interchangeable with National LM109, 
LM209, and LM309 Respectively 


description 


These monolithic 5-volt regulators are designed for use as local regulators to eliminate noise and distribution problems 
inherent with single-point regulation. They are specified under worst-case conditions to match the power supply 
requirements of TTL and DTL logic families. In other applications, these devices can be used with external components 
to obtain adjustable output voltages and currents or as the series-pass element in precision regulators. 


schematic 


Component values shown are nominal 
Resistor values are in ohms 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


LM109, LM209 LM309 UNIT 
Input voltage | | 
4 


Output current 5 


35 35 
09 
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 5 4 
80 
300 00 


m 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) | 480 m 
—55 to 150 0 to 125 i 
—65 to 150 —65 to 150 
co ia thes : . 
NOTES: 1. Above 25°C case temperature, derate lineary at the rate of 40 mW/ C, or refer to Dissipation Derating Curve, Figure 1. 
2. Above 25°C free-air temperature, derate linearly at the rate of 4.8 mW/°C, refer to Dissipation Derating Curve, Figure 2. 


Operating case or virtual junction temperature range 


Storage temperature range 


V 
A 
Ww 
Ww 
C 
ae 
nC 


Lead temperature 1/16 inch from case for 60 seconds 
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TYPES LM109, LM209, LM309 
5-VOLT REGULATORS 


recommended operating conditions 


Input voltage, V1 


Output current, Io 


Operating virtual-junction temperature, Ty 


MIN TYP MAX | MIN 


4.7 5.0 5.3 4.8 5.0 5.2 


LM109, LM209 


Tiaputregiaton [WeTVwv-v dC 


Bias current change Mie NON iN Oo Full range mA 
(g= SmA to 19 = 200A SOBRE cs OST 


t Full range for LM109 is —55°C to 150°C, for LM209 is —25°C to 150°C, and for LM309 is OC to 125°C. All characteristics, except output 
noise voltage and ripple rejection, are measured using pulse techniques. ty, < 10 ms, duty cycle < 5%, 


NOTE 3: Pulse techniques are used in testing to limit the average internal dissipation. Output voltage changes due to large changes in internal 
dissipation must be taken into account separately. 


THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


Maximum Continuous Dissipation—W 
Maximum Continuous Dissipation—mW 


0 25 50 75 100 125 150 0 25 50 75 100 125 = =—150 
Tc—Case Temperature—C Ta—Free-Air Temperature— C 
FIGURE 1 FIGURE 2 
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§.2 


5.1 


5.0 


Vo--Output Voltage—V 


49 


48 


Ripple Rejection—dB 


OUTPUT VOLTAGE 


TYPES LM109, LM209, LM309 
5-VOLT REGULATORS 


TYPICAL CHARACTERISTICSt 


INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL 


vs OUTPUT VOLTAGE vs 
VIRTUAL JUNCTION TEMPER R ¥s 
UNC ERATURE INPUT VOLTAGE VIRTUAL JUNCTION TEMPERATURE 
> 
at 
& 
e 
© 
& 
= 
> ral 
§ § 
s s 
5 
3 3 
je) « 
> a 
£ 
t 
(eo) 
> 
us 
> 
—60-40 -20 0 20 40 60 80 100120 140 6 6 7 8 ~60-40 -20 0 20 40 60 80 100 120 140 
Ty-Virtual Junction Temperature—°C Vi—Input Voltage—V Ty—Virtual Junction Temperature ="C 
FIGURE 3 FIGURE 4 FIGURE 5 
RIPPLE REJECTION OUTPUT NOISE VOLTAGE OUTPUT IMPEDANCE 
VS vs vs 
FREQUENCY FREQUENCY FREQUENCY 
IY dt 
HY 
Ht | TN 2 
ie il S 
: oS S Suili i 
| i i 
oe 
5) 
| aiTISN : : 
6 
I $ 
g E 
36 ~ 
2 a 
2 é 
5 
° 
10 100 Tk 10k 100 k 1M 
f-- Frequency ~kHz t—Frequency—Hz f- Frequency—Hz 
FIGURE 6 FIGURE 7 FIGURE 8 
STANDBY OR BIAS CURRENT BIAS CURRENT 
vs vs 
VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE 
6.0 + 7 
[ v =10V | 
2 t | | + 
f 
ro < 
2 € 
5 1 
ba rd 
” 7 
2 = 
© rs) 
6 3 
B o 
> 
& 
a 
i 
7 Yi omen Caceres Lapa us Deen: eon ln 
- 60-40-20 0 20 40 60 80 100 120 140 
Ty—Virtual Junction Temperature—°C Vi~Input Voltage--V 
FIGURE 9 FIGURE 10 


T Data for virtual junction temperatures outside the ranges specified in the recommended operating conditions for LM209 or LM309 is not 
applicable for those types. 
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TYPES LM109, LM209, LM309 
5-VOLT REGULATORS 


TYPICAL APPLICATION DATA 


LM109/LM209/LM309 


INPUT IN OUT OUTPUT 
N 
C1 GND 
0.22 uF 
See Note A 


NOTE A: C1 is required if regulator is not located in close proximity to power supply filter. 


FIGURE 11-ADJUSTABLE OUTPUT REGULATOR 


LM109/LM209/LM309 


LM101A/LM201A/LM301A 


INPUT OUTPUT 


6kQ 
0.005 % 


510 2 
0.2 % 
See Note B 


1N829 


NOTES: A. All capacitors are solid tantalum. 
B. This resistor determines zener current. Adjust to minimize thermal drift. 


FIGURE 12—HIGH-STABILITY REGULATOR 


LM107/LM207/LM307 


LM109/LM209/LM309 


INPUT OUTPUT 


Vo=7Vto30V<Vj-2V 


0.22 uF 


FIGURE 13 —HIGH-STABILITY REGULATOR WITH ADJUSTABLE OUTPUT 


Printed in U.K. 
Ti cannot assume any responsibility for any circuits shown 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POS 


FUTURE PRODUCT TYPES LM117, LM217, LM317 
TO BE ANNOUNCED 3-TERMINAL ADJUSTABLE REGULATORS 


JUNE 1976 


e Output Voltage Range Adjustable e Output Regulation Typically 0.1% 


from 1.2 V to 37 V @ Peak Output Current Constant Over 


e Guaranteed !09 Capability of 1.5 A Temperature Range of Regulator 
for TO-3 and TO-220AB Packages Popular 3-Lead Packages 


e Input Regulation Typically 0.01% Ripple Rejection Typically 80 dB 
Per Input-Volt Change 


terminal assignments 
KA PACKAGE KC PACKAGE LA PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 


OUTPUT ADJUSTMENT 
-—————> INPUT 
\ PUT 
ey | > OUTPUT NEY 
/}-__-—> ADJUSTMENT 


ADJUSTMENT OUTPUT 


TO-3 TO-220AB 


description 


The LM117, LM217, and LM317 are adjustable 3-terminal positive voltage regulators capable of supplying in excess of 
1.5 amperes over a range of output voltage of 1.2 volts to 37 volts. They are exceptionally easy to use and require only 
two external resistors to set the output voltage. Both input and output regulation are better than standard fixed 
regulators. The devices are packaged in standard transistor packages that are easily mounted and handled. 


In addition to higher perforinance than fixed regulators, these regulators offer full overload protection available only in 
integrated circuits. Included on the chip are current limit, thermal overload protection, and safe-area protection. All 
overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no 
capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass is 
needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can be 
bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 


Besides replacing fixed regulators, these regulators are useful in a wide variety of other applications. Since the regulator 
is floating and sees only the input-to-output differential voltage, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not exceeded. It makes an especially simple adjustable switching 
regulator, a programmable output regulator, or, by connecting a fixed resistor between the adjustment terminal and the 
output, these devices can be used as precision current regulators. Supplies with electronic shutdown can be achieved by 
clamping the adjustment terminal to ground, which programs the output to 1.2 volts where most loads draw little 
current. 


The LM117 is characterized for operation over the full mititary temperature range of —55°C to 125°C. The LM217 and 
M317 are characterized for operation from —25°C to 150°C and from O°C to 125°C respectively. 


TENTATIVE DATA SHEET 


This document provides tentative information TEXAS IN STRU M EN TS 


on a product in the developmenta! stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 
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TYPES LM117, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


schematic 


a calmer x 


i a 
Y 
30 
pF 
150 
30 
5.8k pF Sas 
3 
© OUTPUT 


© INPUT 


O ADJUSTMENT 


All resistors values shown are nominal and in ohms, 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input-to-output differential voltage, V} — VO 


Continuous total dissipation 
at 25°C free-air temperature 
(see Note 1) 


Kemet ST 


—55 to 150 


KA and LA packages 300 
Lead temperature 1/16 inch 

KC package 
from case for 10 seconds 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4. 


Continuous total dissipation 
at (or below) 25°C case 


temperature (see Note 1) 


recommended operating conditions 


All packages 
Output current, !O KC e a 
| KC package | age 


LA package 


Operating virtual junction temperature, Ty 
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TYPES LM117, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 


LM117, LM217 LM317 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX |MIN TYP MAX 
Ty = 25°C 0.01 0.02 0.01 0.04 
Input regulation See Note 2 %IM 
19 = 10 mA to MAX 0.02 0.05 0.02 0.07 


10 -uF capacitor between ADJ and ground 
lo = 10 mA to MAX, Vo <5V 
Ty = 25°C, See Note2 | Vo > 5 V 
lo = 10 mA to MAX, Vo 
See Note 2 Vo 


Output voltage change 
with temperature 


Output voitage 
. ¥ After 1000 h at Ty = MAX 
long-term drift 
: and V; — Vg = 40 V 
(see Note 3) 


f= 10 Hz to 10 kHz, Ty = 25°C 0.003 0.003 


Minimum output current 
hina ; 1}-VQ=40V 3.5 3.5 10 | m 
to maintain regulation 


KA and KC packages 1 


V = 
5 2.2 
U vacaee | KA and KC packages | 
LA package 0.5 0.8 
0.07 


Ripple rejection 


D 
rep) 
i2.0] 
o 
fez) 
cop) 
fee] 
oO 


(°2) 

: 
fo?) 
o 


i 
on 
) 
o 
3 
< 


° 
at 
° 
ce) 


I 
on 
< 
N 
on) 
a 
co) 
N 
: 

“Sw 
°o 
3 

< 


ae 


Output regulation 


5V 


V 


i=) 

Ww 

=~ 
D4 


j=) 
Ww 
—_ 
a 
4 


0.3 1 0.3 1 % 


(>) 
on] 
j=) 
ioe) 


o 


Peak output current 


Adjustment-terminal 
current 
Change in adjustment- V; — Vo = 2.5 V to 40 V, 
. 0.2 5 0.2 5 A 

terminal current io = 10 mA to MAX 
Reference voltage Vi -Vo=3Vt0 40 V, 

tee res Ue Cee 1201.25 «13412 1.25 «13 
(output to ADJ) lo = 10 MA to MAX, P < rated dissipation 


TUnless otherwise noted, these specifications apply for the foliowing test conditions: Vi- Vo =5 Vand lo = 0.5 A for the KA (TO-3) and KC 
(TO-220AB) packages and lo = 0.1 A for the LA package. For conditions shown as MIN or MAX, use the appropriate value specified under 
recommended operating conditions. 


KA and KC k 
ee any 
LA package 


Finput regulation is expressed here as the percentage change in output voltage per 1-volt change at the input. 

NOTES: 2, input regulation and output regulation are measured using pulse techniques (tw < 10 us, duty cycle < 5%) to limit changes in 
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 
separately. 

3. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to bea 
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to Jot. 


thermal! characteristics 


PARAMETER 


RgJc Junction-to-case thermal resistance 


TEXAS INSTRUMENTS 


231 


TYPES LM117, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


THERMAL INFORMATION 


TO-3 AND TO-220AB FREE-AIR TEMPERATURE TO-3 AND TO-220AB CASE TEMPERATURE 
DISSIPATION DERATING CURVES DISSIPATION DERATING CURVES 


KA (TO-3) package 
derating factor = 28 mW/°C 
Raja ~ 35°C/W 


KA (TO-3) package 
Derating factor = 333 mW/°C 
above 90°C 


8 
6 
4 F KC (TO-220AB) package 
2 
0 
2 


Maximum Continuous Dissipation—W 
Maximum Continuous Dissipation—W 


Derating factor = 250 mW/°C 


above 70°C 
25 50 75 100 125 150 5 50 75 100 125 160 
Ta—Free-Air Temperature—C T¢-Case Temperature—"C 
FIGURE 1 FIGURE 2 
LA PACKAGE FREE-AIR TEMPERATURE LA PACKAGE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 
800 


Sc 
200 < 


100 |. Derating factor = 4.8 mw/°C 


. Maximum Continuous Dissipation—W 


Maximum Continuous Dissipation—mW 


Raja © 210° C/W 
0 0 
25 50 75 100 125 150 25 50 75 100 125 150 
Ta—Free-Air Temperature—C Tc—Case Temperature—°C 
FIGURE 3 FIGURE 4 
Printed in U.K. 
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LINEAR TYPE TL430C 
INTEGRATED CIRCUITS ADJUSTABLE SHUNT REGULATOR 


BULLETIN NO. DL-S 7612414, JUNE 1976 


Temperature Compensated 


JG LP 
DUAL-IN-LINE PACKAGE SILECTTt PACKAGE 


(TOP VIEW) (TOP VIEW) 


e Programmable Output Voltage 
e Low Output Resistance 


e Low Output Noise REF NC A NC 


e ink Capabili m 
Sin pability to 100 mA eine 
description 
The TL430 is a three-terminal adjustable shunt ep 
regulator featuring excellent stability over tempera- 


ture, wide operating current range, and low output K NC NC NC 
noise. The output voltage may be set by two external 
resistors to any desired value between 3 volts and 
30 volts. The TL430 can replace zener diodes in 
many applications providing improved performance. 


The TL430 is characterized for operation from O°C 
to 70°C. 


functional block diagram 


REF 


ANODE ee: CATHODE NC—No internal connection 
(A) (K) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Regulator voltage (see Note 1) ds ede. tts WS Bead wR He - 8% he Me ce we ES aes Be eee 4 nn CRO 
Continuous regulator current © 6... ey 100 mA 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note2) . ....... =. =. 775mW 
Operating free-air temperature range... 1. ww wk ee ee ee ek ek ee ee 60°C to 70°C 
Storage temperaturerange . . . . . ee ee ee ee ey ey . ~65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: JG package ........2..2...... . 300°C 
Lead temperature 1/16 inch from case for 10 seconds: LP Package: ty rkn toe G48 eG ye He ee be ian OO 


recommended operating conditions 


MIN MAX UNIT 


Regulator VOltage, VF" 5. a eed ee ec ae ee eS De ee & ke ee be 2D Vref 30 V 
MCGUIGTOMCUREDE AZ hap 8. fagao-tas 2 oR ek w oo Ge. be ot SS ye SY 2 100 mA 
Operating free-air temperature, TA. 7... ee Je wee 4 0 70 oe 


NOTES: 1. All voltage values are with respect to the anode terminal. 
2. For operation above 25 C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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on a new product. Texas Instruments reserves 
the right to change specifications for this 
product in any manner without notice. 


TYPE TL430C 
ADJUSTABLE SHUNT REGULATOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST 
PARAMETER TEST CONDITIONS 
FIGURE 


Vref Reference input voltage 
Temperature coefficient of 
a ° ° 
Viet reference input voltage Ta =O Cto70C, 
Iz =10 mA, R1=10k2, 
leet Reference input current 
R2 = 


Regulator current near lower 


IZK 


knee of regulation range 


Regulator current at maximum 
limit of regulation range 
Differential regulator resistance 
(see Note 4) 


Noise voltage 


NOTES: 3. The average power dissipation, Vz‘ 12° duty cycle, must not exceed 775 mW in any 10-ms interval, 
4. The regulator resistance for Vz > Vref, 5" is given by: 
R1 


ry =rz (1+ Ao): 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


R1 
VZ = Vret (1 +——) + trop @ R1 
r R2 ref 


FIGURE 1—TEST CIRCUIT FOR Vz = Vref FIGURE 2—TEST CIRCUIT FOR Vz > Vreg¢ 
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TYPE TL430C 
ADJUSTABLE SHUNT REGULATOR 


SN ES TEN II TI TE AE I RE NEE EER II IG TO Si TN Sm saint ee 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL REGULATOR IMPEDANCE CURRENT 
vs ue 
FREQUENCY Goi Ae 
3.0 1 T 160; a + 
oe Taeee ct 140 
eg. 26 120 
: 
ce 24 T4005 
3 5 
E 22 5 80 
E 9 
vy 2.0 = gp 
1.8 rik 
1.6 20L- - 
1.4 0 
10 102 103 104 109 106 
f—Frequency—Hz V—Voltage—V 
FIGURE 3 FIGURE 4 


TYPICAL APPLICATION DATA 


Vout 
R1 
Vref 
R2 
ww (1+ ‘ Vv R1 
Vout Ro) ~ref Vout ¥ (1 ao Vref 
FIGURE 5—SHUNT REGULATOR FIGURE 7—CROW BAR 
On above 
V+ Max Vcc Vout Vout 
On above 
Min Vcc 
Vv Vref (1+ as 
ss Matas 
y out ref R2 
“A Min Vout =Vref +5 V 
Green Red 
LED = = LED 
FIGURE 9—CONTROLLING OUTPUT 
FIGURE 8-SUPPLY MIN/MAX VOLTAGE OF FIXED-VOLTAGE FIGURE 10—HIGHE R-CURRENT 
DETECTOR REGULATOR APPLICATIONS 
Printed in U.K. 
Tl cannot assume any responsibility for any circuits shown 
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description 


LINEAR | TYPES TL497M, TL4971, TL497C 
INTEGRATED CIRCUITS SWITCHING VOLTAGE REGULATORS 


BULLETIN NO. DL-S 7612422, JUNE 1976 


e All Monolithic. 
e High Efficiency . . . 60% or Greater SAGAN ALINE PACICAGE TOE. WiEW) 
e Output Current ...500 mA 


JOR N 


e Input Current Limit Protection 


e TTL Compatible Inhibit 0, 8 | 


e Adjustable Output Voltage carey 
CURRENT 
e Input Regulation ...0.2% Typ 
e Output Regulation... 0.4% Typ 
| 


e Soft Start-up Capability 


BASE COL- 
Vec CLS DRIVE BASE LECTOR 


The TL497 incorporates on a single monolithic chip 
all the active functions required in the construction 
of a switching voltage regulator. It can also be used as CNY TO sue 
the control element to drive external components for 

high-power-output applications. The TL497 was 


designed for ease of use in step-up, step-down, or NC—No internal connection 
voltage inversion applications requiring high 
efficiency. 


A block diagram of the TL497 is shown in the pinout. A 1.2-volt precision reference is internally connected between 
the inverting input of the high-gain comparator and the substrate. The output voltage is established using a resistive 
voltage-divider network whose node voltage is sensed by the noninverting input of the comparator. When the voltage at 
the noninverting input is more negative than the 1.2 volt reference, the oscillator is gated on. When the voltage at the 
noninverting input is more positive than the 1.2-volt reference, the oscillator is gated off. The maximum frequency of 
the oscillator is established by the external timing capacitor connected between the frequency control pin and ground. 


TIMING CAPACITOR (pF) | __ 5 _ | 
MAX FREQUENCY (kHz) | 385 | 313 | 238 80.6 | 47.6 


The transistor switch is normally connected to external inductive components and a diode to generate the output 
voltage. The TL497 switching transistor and diode may be used directly for switching currents up to 500 milliamperes, 
or used to drive an external transistor and diode for higher output-power applications. 


NO 
oO 
i) 
oO 
oO 
—_ 
(>) 
jo) 
oS 


The TL497 also provides current limiting for protection of the switching transistor and the load. With proper current 
limiting, saturation of the power inductor may be prevented and soft start-up achieved. Current limiting is accomplish- 
ed with the current-limit contro! provided. The voltage developed across the series current-limit resistor, RCL, is sensed. 
When the voltage at the current-sense terminal is approximately 0.7 volt (one VgE drop) less than the input voltage, the 
power switch transistor is turned off. 


External gating is provided by the inhibit control. When the inhibit control is high, the output is turned off. 


The TL497M is characterized for operation over the full military temperature range of —55°C to 125°C, the TL4971 is 
characterized for operation from —25°C to 85°C, and the TL497C from 0°C to 70°C. 
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TYPES TL497M, TL4971, TL497C 
SWITCHING VOLTAGE REGULATORS 


absolute maximum ratings over operating free-aiy temperature range (unless otherwise noted) 


Input voltage (see Note1) . 6 ww ee ee ee ee TEN 
Output voltage tee ih He, Shs US. 12d, Hip tag dim G) A? e-em ae ae eee et he Se Aad Sc cae S aso. 
Comparator input voltage www 5V 
Inhibit input voltage 6 ww ee ee ee 5V 
Diode reverse voltage... 6 2 Bo we we ee ee a ee 35 V 
Power switch current... 0. 0. ee ee ee ee ee ee ee ee 6750 MA 
Diode continuous forward current . 2. 1 6. ee ee ee ee ee ee ee TEOMA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note2) . . ...... =. =. 1000mW 
Operating free-air temperature range: TL497M ww ww ee —55°C to 125°C 

T497l nk ee hw EA wee ee Se S25 CO 10.88°C 

TEAGIC. 4 ow ewok OS coe SE BG hae & oe CIE 10.6 
Storage temperaturerange . ww ee ee ee + = 65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: J package . . 2... 1 ee ee ee ee ee 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package . . . 2. 1 1 ee ee ee ee es 260°C 


NOTES: 1. All voltage values except diode voltages are with respect to network ground terminal. 


2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 


MIN MAX UNIT 
Input voltage, Vy. wwe me cena: ee an Sa ee ee 4.5 12 V 


Output voltage: step-up configuration (see Figure 2) bo tee ee tae BAe! He ag Be eee. Wee 30 V 
step-down configuration (see Figure3)  . . 2... 1 1 eee ee Vref VI-1 V 
negative regulator (see Figure4) . 2... 1 1 ee ee ee ee ee) Vet —25 V 
Outpuit:cuirrent ass one ae Sad es es eee we Se A ee OS 500 mA 


electrical characteristics at specified free-air temperature, V; = 6 V (unless otherwise noted) 


TL497 
PARAMETER TEST CONDITIONSt aa NT aN —— aoa ac] UNIT 
Highlevelinhibi inputvollage | —SCSCSC~‘~*~*~‘~sdr asf | 
Low-level inhibit input voltage | C—C—“‘CSSCCC(lirangedi OG TB CV 
High-level inhibit input current | V4() =5 V Fullrang| 08 15[ 08 15] mA_| 
Low-level inhibit input eurrent | Vii) = OV Fullrange| <5 20 SiO nA 
Comparator reference voltage V,;=4.5Vto6BV Fullrange| 1.14 1.20 1.26 {| 1.08 1.20 1.32 
VjzeV Full range 40___ 100 40100 
See Figure 1 ° 
Regulator output voltage R1=11.3k2, R2=1k2 25°C 14.25 15 15.75 | 13.5 15 16.5 
lo=100mA | 25°C [0130.2 | 0.13 0.2 ca 
Switch on-state voltage Vy~=4.5V LIQ = 100 mA _| Vv 
: (Siasie Po ga eonem ne 
P2asec [0 SOT 100 
seu aateaal meen Fullrange| 800 [200 | 
Current-limit sense voltage Vec=6V P 2c oa CMC 
lo =10mA Full range' 0.75 0.95 0.75 0.85 
Diode forward voltage Tip=100mA SSCs Fuilrrange{ OTT CV 
Ig = 500 mA Full range 1.33 1.7 1.33 1.55 
aig ee eee Ig = 500 uA Fullrange( 30. SOT Cd, 
ig = 200 uA Fullrange[__———SC—~d SS 


t Full range for TL497M is —55°C to 125°C, for TL497I is —25°C to 85°C, and for TL497C is O°C to 70°C, 
fan typical vaiues are at Ta = 25°C, 
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TYPES TL497M, TL4971, TL497C 
SWITCHING VOLTAGE REGULATORS 


PARAMETER MEASUREMENT INFORMATION 
Hi POWERSWITCH = s—t—‘“‘i‘“‘CS;SCSC* 118) 


200 uH 


i j 
1¥cc innipit] GND SUBST | 


Kia) SCa)S*dN GS) 


UNREGULATED 
INPUT 


FIGURE 1—TEST CIRCUIT 


TYPICAL APPLICATION DATA 


FILTER 
CAP 


0.006 uF 
0.005 uF = (Chass (3 mt 


UNREGULATED 


UNREGULATED INPUT 


INPUT 


FIGURE 2—POSITIVE REGULATOR, 
STEP-UP CONFIGURATION 


FIGURE 3—POSITIVE REGULATOR, 
STEP-DOWN CONFIGURATION 


a ee ee i mw eK we wm Mm ee 


POWER SWITCH 


Ri 


=(y+8l 
oV, (W+eoly 


ref 


0 Vyz(1 + Ba! Veet 
FILTER 
CAP 
0.005 uF 
UNRECURATER . 
INPUT UNREGULATED 
FIGURE 4—NEGATIVE REGULATOR pee FIGURE 5—-POSITIVE REGULATOR 
(e.g., +5 VOLTS INPUT TO —5 VOLTS OUTPUT) WITH BUFFERED OUTPUT 
OR 
(i.e., POSITIVE INPUT, NEGATIVE OUTPUT) 
Printed in U.K. 
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LINEAR TYPES uA723M, uA723C 
INTEGRATED CIRCUITS PRECISION VOLTAGE REGULATORS 


BULLETIN NO. DL-S 7611533, AUGUST 1972—REVISED JUNE 1976 


FORMERLY SN52723, SN72723 
e 150-mA Load Current without External Power Transistor 


e Typically 0.02% Input Regulation and 0.03% Load Regulation (uA723M) 
e Adjustable Current Limiting Capability 

e Input Voltages to 40 Volts 

e Output Adjustable from 2 to 37 Volts 


e Designed to be Interchangeable with Fairchild 1 A723 and 1 A723C Respectively 
description 


The uA723M and uA723C are monolithic integrated circuit voltage regulators featuring high ripple rejection, excellent 
input and load regulation, excellent temperature stability, and low standby current. The circuit consists of a 


temperature-compensated reference voltage amplifier, an error amplifier, a 150-milliampere output transistor, and an 
adjustable output current limiter. 


The uA723M and uA723C are designed for use in positive or negative power supplies as a series, shunt, switching, or 


floating regulator. For output currents exceeding 150 mA, additional pass elements may be connected as shown in 
Figures 4 and 5. 


The uA723M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA723C is 
characterized for operation from O°C to 70°C. 


terminal assignments 
JOR N DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


CURRENT FREQ 
FREQ CURRENT LIMIT COMP Vcc+ Vc OUTPUT 
Nc COMP Vcc+ Vc OUTPUT Vz NC LIMIT 


ey ae we @) @ © 


INV 
INPUT @) 
NON.INV G) 

INPUT 


QQ @ Mere: 


Vec— 
NC CUR. CUR. INV NON: Vien Voc- e 
RENT RENT INPUT INV 


LIMIT SENSE INPUT PIN 51S IN ELECTRICAL CURRENT INV NON.-INV Viref) Vec~— 
CONTACT WITH THE CASE SENSE: NEUE SPRY 


NC —No internal connection 


functional block diagram 
FREQUENCY 
Vec+ COMPENSATION 


Vc 


TEMPE RATURE- INVERTING 
COMPENSATED INPUT 
REFERENCE 

OIODE 


SERIES PASS 
TRANSISTOR 


; CURRENT 
SOURCE 


NON- 
INVERTING 
INPUT 


REGULATED 
OUTPUT 


CURRENT 
LIMITER 


JandN | 
Vz packages | 


CURRENT 4 & CURRENT 
LIMIT SENSE 


Vec— 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Peak voltage from Vcc+ to VCC— (tw < 50 ms) BY ae yee, GE hs IM, SE Se ch eo Bp Ge Tae oe kt a oes ae ad eg? ROO 
Continuous voltage from Vcc+ toVCC— ww ee eee 6 40NV 
Input-to-output voltage differential th. de Bo Bas Se Mee EP Bis. ee a Oe BO A eS ee ee, OA 
Differential input voltage to error amplifier piaie ios Bees Re Ge ae Sook ee es Pee ee Ge ee Ge -eSe a EW 
Voltage between noninverting input and VCcC— ww ww ee ee ee ee BV 
CorrenttromeV2" 2 as “a ke a8. ee ee eee tk A OS Bees a a ee Se er we a el A 
Current front Vigef: 4038. os 4 oe Re a ee ee PS se ke ee ee ee a TOMA 
Continuous tota! dissipation at (or below 25°C free-air temperature (see Note 1): 
Jor Npackage” ak Ske ee a a ew ee Ra ae eS Ow ee ee ae 000m 
L package (seeNote2) 2 2 2 1 1 we eee ee ee ee ee ee ew ee « B00 mW 
Uipackade. 2::% 300% ema me Gee ot we 8 ek me foe Goa Ee we 2 ee Se 2s CMW 
Operating free-air temperature range: UA723M Circuits . . 2... 1. ee ee ee —§5°C to 125°C 
uA723C Circuits . 2... ee ee ee ee es OC to 150°C 
Storage temperature range . 2. 1. 1 we ee ee —65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds, J, L,or Upackage ........2.2. 04208484 300°C 
Lead temperature 1/16 inch from case for 10 seconds, N package ......... 4... ee eee 260°C 


NOTES: 1. Power dissipation = U(standby) * '(ret)! Voo + [Ve - Vol lo. For operation at elevated temperature, refer to Dissipation 
Derating Curves, Section 2. 
2. This rating for the L package requires a heat sink that provides a thermal resistance from case to free-air, Reca, of not more 
than 105° C/W. 


recommended operating conditions 


MIN MAX UNIT 


Input voltage: ‘Vip <--scss eh, oh BU Se, ek a ee Sh ee ee A ee EL SO 40 V 
Output voltage, VG: <.0 a 4s ccs A 4 RO we Sle ee Bee Be ee a we ee 2 37 V 
Input-to-output voltage differential VC-VQ «2. 6 ee ee 3 38 V 
Outpurcurrentelgy so ie ted eS. we Se aes Re RS Ste es a eB a ce A ee 150 mA 


electrical characteristics at specified free-air temperature (see note 3) 


* PARAMETER TEST CONDITIONST 


Vj =12VtoVy=15V 


25°C 
25°C 


lo =1mA to lg =50mA 


0.002 0.015 0.003 0.015 | %/°C 


Rsc = 102, 
output current S¢ 


: BW = 100Hzto10kHz, Ciref) = 0 
Output noise voltage 3 
BW = 100Hztoi0kHz, C(ref) = 5 uF 25°C 


tT Full range for uA723M is —55°C to 125°C and for uA723C is OC to 70°C. 
NOTE 3: For all values in this table the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier 
< 10k. Unless otherwise specified, Vj = Vcec+ = Ve = 12 V, Vec— = 9, Vo =5 V, Ig = 1 MA, Rgc = 0, and C(reg) = 0. 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


—— 


schematic 
re | Le 
: ston 


a 15 ks i © OUTPUT 
fe | ee ae | 
H 6.2V JANDN ' 
i PACKAGES ' 
! OVZ ONLY H 
be Se ee eS J 
FREQUENCY 
O COMPENSATION 
g 5 CURRENT 
He 300 2 20 kQ 150 22 LIMIT 
CURRENT 
3 O SENSE 


O O 
Vcc— INVERTING 
INPUT 


Vcc+ Vc 
O O 


O 
NON- 
INVERTING 
INPUT 


(ane 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TABLE | 
RESISTOR VALUES (k2) FOR STANDARD OUTPUT VOLTAGES 
FIXED OUTPUT FIXED OUTPUT 
OuTPUT | APPLICABLE | OUTPUT ADJUSTABLE output | APPLICABLE | OUTPUT ADJUSTABLE 
FIGURES + 5% + 10% (SEE NOTE 5) || VOLTAGE | FIGURES + 5% + 10% (SEE NOTE 5) 
(SEE NOTE 4){ R1 | R2 |] RI PI R2 (v) (SEE NOTE 4) R2{; R1 P1 
1,5, 6,9, 11, 05 | 1.2 +100 2.2 10 91 
12 (4) 
1,5,6,9,11, | 3. : +250 
12 (4) 
1,5, 6,9, 11, . ; ; ; . —6 (Note 6) 
12 (4) 
1,5,6,9,11, | 1, -9 
12 (4) 
2,4, (5, 6, 
9, 12) 
2, 4, (5, 6, 
9, 12) 
2, 4, (5, 6, 
9, 12) 
2, 4, (5, 6, 
9, 12) 
7 
7 


TABLE I! 
FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES 


Outputs from +2 to +7 volts Outputs from +4 to +250 volts 
{Figures 1, 5,6, 9, 11, 12, (4)] {Figure 7] Gitpant Limiting 
R2 _ V (ref) R2—-—R1 : 0.65 V 
Vo Vitel) Saas Oe Pg a (timit) * 3 
sc 
R3 = R4 


Foldback Current Limiting 
[Figure 6] 


Outputs from —6 to —250 volts 
[Figures 3, 8, 10] 


Outputs from +7 to +37 volts 
[Figures 2, 4, (5,6, 9, 11, 12)) 


VoR3 + (R3 + R4) 0.65 V 
RgcR4 


Niknee) © 
Ri+R2 


R2 


_ _ Mirefy y R14 RZ 


Vo=zV x ; 
Oo (ref) 2 Ri 


0.65 V x R3+R4 
Reco R4 


los * 


NOTES: 4. Figures 1 through 12 show the R1/R2 divider across either Vo or V(ref). Figure 
numbers in parentheses may be used if the R1/R2 divider is placed across the other 


R1 


voltage (V (ref) or Vo) that it was not placed across in the figures without parentheses. 

5. To make the voltage adjustable, the R1/R2 divider shown in the figures must be replaced 
by the divider shown at the right. 

6. For negative output voltages less than 9V, Voc and Vc must be connected to a PI 
positive supply such that the voltage between Vcc, and Vcc _ is greater than9 V. 

7, When 10-lead uA723 devices are used in applications requiring Vz, an external 6.2-V R2 


regulator diode must be connected in series with the Vo terminal. 


ADJUSTABLE OUTPUT CIRCUITS 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


REGULATED 


REGULATED 
OUTPUT, Vo 


© OUTPUT, Vo 


c INV 
(ref) T Vcc- COMP nant 
i) 
R1° R2 ar _ Ri: R2 sah, 
NOTES. A. R23 = Atos! minimum ayo. NOTES: A. R3 = Rl Ro for minimum ayo. 


B. R3 may be eliminated for minimum B. R3 may be eliminated for minimum 


component count. Use direct con- 

nection (i.e., R3 = 0). 

FIGURE 1—BASIC LOW-VOLTAGE REGULATOR FIGURE 2—BASIC HIGH-VOLTAGE REGULATOR 
(Vo =2TO7 VOLTS) (Vo = 7 TO 37 VOLTS) 


component count. Use direct con- 
nection (i.e., R3 =O). 


(See Note 6) 


REGULATED 
REGULATED 
(See Note 7) OUTPUT, Vo OUTPUT, Vo 
FIGURE 3—-NEGATIVE VOLTAGE REGULATOR FIGURE 4—POSITIVE VOLTAGE REGULATOR 


(EXTERNAL N-P-N PASS TRANSISTOR) 


OUT 


9 OUTPUT, Vo 


Vo ! 
REGULATED 
~ OUTPUT, Vo lknee 
lo 
FIGURE 5—POSITIVE VOLTAGE REGULATOR FIGURE 6—FOLDBACK CURRENT LIMITING 


(EXTERNAL P-N-P PASS TRANSISTOR) 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


2N5241 
(See Note 7) 


REGULATED 
° OUTPUT, Vo 


REGULATED 
° OUTPUT, Vo 


REGULATED 
° OUTPUT, Vo 


INPUT FROM 
SERIES 54/74 LOGIC 


NOTE A: Current limit transistor may be used for shutdown 
if current limiting Is not required. 


FIGURE 11~REMOTE SHUTDOWN REGULATOR WITH 
CURRENT LIMITING 


2N5241 
(See Note 7) 
INV INV 
Vcc COMP 
REGULATED 


© OUTPUT, Vo 


FIGURE 8—NEGATIVE FLOATING REGULATOR 


VI 
(See Note 7) 


ae 
220 2 A 


( ) 2N5004 


(See Note 6) 


2N3997 


L=1.2 mH 


See Note 8) 
nee O REGULATED 
ft 100 uF AR OUTPUT, Vo 
FIGURE 10—NEGATIVE SWITCHING REGULATOR 
vi 
Vec+t Vc 
Viref) OUT 
REGULATED 


~ OUTPUT, Vo 
(See Note 7) 


FIGURE 12—SHUNT REGULATOR 


NOTES: 6. For negative output voltages less than 9 V, Vcoc+ and Vc must be connected to a positive supply such that the voitage between 


Voc+ and Voc_— is greater than 9 V. 


7. When 10-lead uA723 devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in series 


with the Vo terminal. 


8. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core, or equivalent, with 0.009-inch air 


gap. 
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Printed in U.K, 


TI cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIN 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBL 
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LINEAR 
INTEGRATED CIRCUITS 


e 3Terminal Regulators 
e Output Current up to 1.5A 


© No External Components 
e Internal Thermal Overload Protection 


e Direct Replacements for Fairchild .A7800 
Series and National LM340 Series 


e High Power Dissipation Capability 
@ Internal Short-Circuit Current Limiting 


e Output Transistor Safe-Area Compensation 


description 


This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. One 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power- 
pass element in precision regulators. 


schematic 


N2k 


3.65 k 


Resistor values shown are nominal and in ohms. 
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SERIES uA7800 
POSITIVE-VOLTAGE REGULATORS 


BULLETIN NO. OL-S 7612386, MAY 1976 


0°C TO 125°C 
OPERATING 
TEMPE RATURE 
RANGE 
uA7805C 
uA7806C 
uA7808C 
uA7885C 
uA7812C 
uA7815C 
uA7818C 


—55°C TO 150°C 
OPERATING 
TEMPERATURE 
RANGE 
uA7805M 
uA7806M 
uA7808M 
uA7885M 
uA7812M 
uA7815M 
uA7818M 


NOMINAL 
OUTPUT 
VOLTAGE 


uA7824M uA7824C 


KA PACKAGE KC PACKAGE 


(TOP VEIW (TOP VIEW) 


COMMON OUTPUT 


[OUTPUT 
[ >_> > COMMON 
INPUT 


INPUT 


TO-220AB 


O COMMON 
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SERIES uA7800 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA78__M uA78__C | UNIT 
ee are EO 


Continuous total dissipation at 25°C free-air temperature (see Note 1) 


Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 15 


Operating free-air, case, or virtual junction temperature range fs 85 10 150 | Oto 150 | 
Storage temperature range Pp 85 to 150 | ~65 to 150 | 
Lead temperature 1/16 inch from case for 10 seconds 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2. 


x 
> 
5 
2 
w 
ue) 
& 
an 
& 
(9°) 
we 
ol 
Ww 
on 


°C 
2¢ 


TO-3 AND TO-220AB FREE-AIR TEMPERATURE TO-3 AND TO-220AB CASE TEMPERATURE 
DISSIPATION DERATING CURVES DISSIPATION DERATING CURVE 


KA (TO-3) package 
Derating factor = 28 mW/C | 
Raya ~ 35 C/W 


; ; 

c Cc 

£ 3 S49 

8 8 

a oe 

3 z 

o 9 ° 8 

é 2 

E 

e 1 : 4 

x KC (TO-220AB) package x Derating factor = 0.25 W/°'C 

= Derating factor = 16 mW/C = 2 above 90°C ere 
: Raya © 62.5 C/W : Reyc 4 C/W 
25 50 75 100 125 150 25 50 75 100 125 150 

Ta—Free-Air Temperature— C Tc—Case Temperature—C 
FIGURE 1 FIGURE 2 


recommended operating conditions 


: IN MAX | UNIT 


= 


uA7805M, uA7805C 7 25 
uA7806M, uA7806C 8 25 


_ 
© 
on 
N 
on 


uA7808M, uA7808C 
uA7885M, uA7885C 10.5 25 


Input voltage, Vj ‘ Vv 
uA7812M, uA7812C 14.5 30 


uA7818M, uA7818C 


Output current, lo 


Operating virtual junction temperature, Ty paa0SC ATEOAC ra fae 
u thru u 
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TYPES uA7805M, uA7805C 
POSITIVE-VOLTAGE REGULATORS 


uA7805M, uA7805C electrical characteristics at specified virtual junction temperature, 
Vi = 10 V, Io = 500 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONST UATEOOM 


Output voltage 


Input regulation 25°C 
Ripple rejection V,;=8Vto 18 V, f = 120 H2 


Output resistance 


1g =5mAto1.5A 
19 = 250 mA to 750 mA 


O’crorzec | . 
lo =5mA = ; 
0 Cto 125°C 1) ,.2 


* 15 50 15 100 
25°C = 


Temperature coefficient 


of output voltage 


Output noise voltage f = 10 Hz to 100 kHz 
Dropout voltage lo=l1A 
| Biascurrent Td 


Vi=7V to 25 V OCtoT5C fF 

: 0.5 
foremeeta Freep: fp 
output current 


TAI characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, © 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 


Bias current change 
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TYPES uA7806M, uA7806C 
POSITIVE-VOLTAGE REGULATORS 


uA7806M, uA7806C electrical characteristics at specified virtual junction temperature, 
Vi =11V, Io = 500 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONSt uAZECOM UATBOSE UNIT 
MIN TYP MAX! MIN TYP MAX 


5.75 6 6.25 | 5.75 6 6.25 
Output voltage Io=5mAto1A, |Vj=9Vt021V_ | —55°C to 150°C | 5.65 635{ 
P<15W Vi=8Vto21V. | OC t0125°C 
Input regulation 25 C mV 
Vp=9Vto13V 1.5 30 1.5 60 
Ripple rejection VV, =9Vt0O19V, f = 120 Hz = = 
[lon SmAT TSA nn 14120 
Output regulation 25 C 
) j= 250 mA to 750 mA ee 0 
Output resistance f =1 kHz = = 
Temperature coefficient ocrwisoc | -08 | 
lo =5mA°: 3 5 
of output voltage OC to 125 C fo. = 
—55°C to 150°C 
O°C to 125°C 


25°C 550 
25°C 2.2 


t all characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 WF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 


m 


= 

< 
~ 
2) 


V 
Q 
ee 
ee 


8 


3 


> 
wo 


. 


i) 
N 


fo) — 
3 3 
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TYPES uA7808M, uA7808C 
POSITIVE-VOLTAGE REGULATORS 


uA7808M, uA7808C electrical characteristics at specified virtual junction temperature, 
Vi = 14V, Io = 500 mA (unless otherwise noted) 


PARAMETER TEST COND!TIONST 


eee a eel aes 
Ig =5mAtotA, | Vy) =11.5 V to 23 V| —55°C to 150°C 
P<15W V,;=10.5V to 23 V}] O°C to 125°C 
; V; = 10.5 V to 25 V 
Input regulation 25 C 
Vi=11Vtoi7V 
56 72 


sane a ae =ss°cto 150°C | 62072 
ipple rejection = = is 
pple rej ‘SV to 21.5 V, : 0°C to 125°C ee te 
| 1280 


uA7808M uA7808C 
MIN Y MAX | MIN TYP MAX 


T 
7.7 77 8 
7.6 
62 


Output voltage 


[ee] 
B.S 


7.6 


2 


oO 


160 
0 


9 
oO z w 
3 


re 
< 


Pe) 
WwW) oO 
oe 


tbe 
i) 


3 


2 2 
< 
< < 5 


oO 


: lo =5mAto1.5A 
Output regulation 25°C 
1¢ = 250 mA to 750 mA 


—55°C to 150°C 

Output resistance f =1kHz = > 

OC to 125°C 

Temperature coefficient 0°C to 150°C 
lo =5mA . 3 

of output voltage 0Cto125C 

Output noise voltage f = 10 Hz to 100 kHz 


2 


mV/°C 


oy 


P 
8 83 
8.4 
6 80 
2 40 
72 
12 80 
52 5 
2.0 


2 
4 
2 


> 


Vi =11.5V to 25V —55°C to 150°C 
V; =10.5 to 25V O°C to 125°C 


Bias current change 55°C to 150°C FS 
_ fo) 
aaa 7 ke el 


Short-circuit output 
2 25°C 
current 
Pee ee eee 


3 3 


Peak output current 25C 2 


TAI! characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 


LLL LST Sa SSS SS Ss oO 
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TYPES uA7885M, uA7885C 
POSITIVE-VOLTAGE REGULATORS 


uA7885M, uA7885C electrical characteristics at specified virtual junction temperature, 
V, = 15V, lo = 500 mA (unless otherwise noted) 


TEST CONDITIONSt slate 
[MIN TYP MAX | MIN TYP MAX 

25°C 8.15 85 8.85 

0°C to 125°C 8.1 


° ° 
o ° 


PARAMETER UNIT 


Ig =SmAto1A, 
P<15W 
10.5 V to 25V 


11Vto17V 


Output voltage 


& 
Co) 
aa 


~_ 
~ 
o 
3 
< 


Input regulation 


a 
oO 
NO 
ioe) 
ol 


2 
—55°C to 150 C 60 70 
0 Cto 125 C 


Ripple rejection Vy,=11.5V to 21.5V, f= 120 Hz 


g 
3 


em 
nN 
ice) 
or 
—_ 
nN 


° 
° 
a 
2 
3 
a 
3 
< A 3 
™ a < 
O 


r 
< 


170 


Output regulation 


—§5°C to 150°C 


0°C to 125°C 
O°C to 150°C 
0°C to 125°C 


Output resistance 


Temperature coefficient 


of output voltage 


Output noise voltage 55 


Nig 
olan 
< 


BE 
> 


Dropout voltage 


25°C 


O°C to 125°C 


= 
wo 
a 


pln 
wlio 
oo 
3 
> 


3 
a 


Bias current 


V;=11.5V to 25V 
10.5 to 25 V 


Bias current change 


lo=S5mAtolA 


Short-circuit output 
450 
current 


Peak output current 


nN 
NO 
i) 
NO 


TAI! characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES uA7812M, uA7812C 
POSITIVE-VOLTAGE REGULATORS 


uA7812M, uA7812C electrical characteristics at specified virtual junction temperature, 
Vi = 19 V, lo = 500 mA (unless otherwise noted) 


PARAMETER 


Output voltage 


: V; =14.5 V to 30 V 5 
Input regulation * 25°C 
V) = 16 V to 22 V 


See —55°C to 150°C 61 71 
Ripple rejection V;=15Vto25V, f=120Hz2 = 


uA7812C 


MIN TYP MAX | MIN TYP MAX 
11.5 12. 125 | 11.5 12. 12.5 py 
re e 


11.4 12.6 


TEST CONDITIONSt 


c 
> 
e 
2 
e 
z2 
Hi 


Ww}o 
Qin 
O10 
w}o 
=| 
eS 
O|o 
4 
< 


~~ 
a 


Output regulation 


Output resistance 


Temperature coefficient 0°C to 150°C [ 10S” 

lo =5mA > > mVPC 
Output noise voltage f = 10 Hz to 100 kHz 75 
Dropout voltage i 2.0 


Bias current 


Oo 
K 
ON 
; 3 
> 
+ 
oO 
= 
in 
> 
NO 
oa 
° 
eo) 
= 
N 
_ 
Nn 
o 
NO 
N 
eS 
jo} 
A 


Bias current change 


Short-circuit 


25°C 350 350 mA 


Output current 


Peak output current 


NO 
NO 


TAI characteristics are measured with a capacitor across the input of 0.33 wF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES uA7815M, uA7815C 
POSITIVE-VOLTAGE REGULATORS 


uA7815M, uA7815C electrical characteristics at specified virtual junction temperature, 
Vi = 23 V, Io = 500 mA (unless otherwise noted) 


A7815C 
PARAMETER . TEST CONDITIONST UNIT 
MIN TYP MAX| MIN TYP MAX 


O™OC“‘(‘CSW*”YLCOC‘éPG 14415156 | 
Output voltage lo=5mAto1A, |V)=185 V to 30 V|—55°C to 150°C|14.25 15.75 
P<15W Vp=i75Vt030V| OCto1~c |  —_—* 14.28 15.75 


Peat ees [Vizt7SVt030V |g 
ee eee 375 
Ripple rejecti V, = 18.5 V to 28.5 V,f = 120 Hz = = 
. Ig =S5mAtol15A - 12 150 
Output regulation 25 C 
iq'= 250 mA to 750 mA 


eT ee =s5xCtoisorc| 0019 

lu r = z 

— reomere[ 

Temperature coefficient 0°C to 150°C a ae 
lo =5mA 3 = 

of output voltage OC to 125°C en 


Output noise voltage 


_ 

= 

w 

(=) 

o 
Lex 


| 
4) 
a 
° 
ro) 
and 
3 
—_> 
on 
°. 
fo} 
ro) 
oz) 
ran) 
sl 
° 
! 
> 
~ 
° 
3 
< 


Bb 
< 


0.019 


° 
=| = 
>| <i<) 5 
ro) 


b 
b 
0 
3 


REF 
> 


Short-circuit 
output current 
Peak ourputcurren’ [SOSC—~—~—C—S 


> 


tT Atl characteristics are measured with a capacitor across the input of 0.33 pF and a capacitor across the output of 0.1 BF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%), Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES uA7818M, uA7818C 
POSITIVE-VOLTAGE REGULATORS 


uA7818M, uA7818C electrical characteristics at specified virtual junction temperature, 
V| = 27 V, Io = 500 mA (unless otherwise noted) 
uA7818M uA7818C 


PARAMETER TEST CONDITIONSt 
MIN TYP MAX} MIN TYP MAX 


173 18 187/173 18 18.7 
Output voltage lo =SmAtoTA, | Vy =22V to 33 V —55 Cto 150°C | 17.1 18.9 
P<15W Vj, =21Vto33V | OCto125°C 
V,;=21V to 33V 
Input regulation 25 C 
V, = 24V to 30V 
; o.3 —55 C to 150°C 
Ripple rejection Vij =22Vto32V, f=120Hz 5 
0 Cto125C 


: lo =S5mAto15A ss 12 
Output regulation 25 C 
O = 250 mA to 750 mA 
} —55°C to 150°C 0.022 
Output resistance f=1 kHz 7 > 
QO Cto 125 C 
Temperature coefficient O°C to 150°C —1.0 
lo =5mA s 
of output voltage OC to 125°C 


b 

ou 
°o 
Orn 


17.1 18.9 
5 
5 180 


m 


1 360 
12 360 
4 180 


_ 


m 


0.022 


Vv 
V 
V 
Q 


2.0 


Output noise voltage f = 10 Hz to 100 kHz 
Dropout voltage lo =1A 


V, = 22V to 33 V —55°C to 150°C 
V,=21V to 33V 0°C to 125°C 


Bias current change 


Oar eanach —55°C to 150°C 
Oe O°C to 125°C 


1 
25°C 20 


Short-circuit 


output current 


¢) 


Tall characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 BF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES uA7824M, uA7824C 
POSITIVE-VOLTAGE REGULATORS 


uA7824M, uA7824C electrical characteristics at specified virtual junction temperature, 
V1 = 33 V, Io = 500 mA (unless otherwise noted) 


A7824M uA7824C 
PARAMETER TEST CONDITIONS? “ UNIT 
MIN TYP MAX | MIN TYP MAX 


[asc | 235 | 23 
Output voltage lo=SmAtolA, 
P< 15W 28 


23 24 25 
V;=28V to 38V |-55°C to 150°C | 22.8 25.2 
; 24 
Input regulation 


V, =27V to 38 V 0 C to 125°C 2 25.2 
Ripple rejection 


a 
3 
ape | 


ite 18 0 18 480 

6 120 240 

—55°C to 150°C Sa eee 
=2Vto38V, f=120Hz = : 

0°C to 126°C | 50 66 


fo] 


= 


Bo 
< 


; lo =SmAto15A e 12 240 12 480 
Output regulation 25 C 
IQ = 250 mA to 750 mA fr 4120 | 4 240 
: —55°C to 150°C 0.028 
Output resistance f =1 kHz ~ = 
Pcie | 0.028 
Temperature coefficient O°C to 150°C ae eee 
lo=5mA 5 . 
of output voltage 0°C to 125°C Nias on oneal 
Output noise voltage [f= 10He vo 100 KH 
loeeutien GSA oe fa i 
Gauge ee ee 


[see fas 


Bias current change 55°C to 150°C 
_ re) 


Short-circuit 
output current 


Li) 
= 


Peak output current 


t All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT PO 


LINEAR SERIES uA78L00 
INTEGRATED CIRCUITS POSITIVE-VOLTAGE REGULATORS 


BULLETIN NO. DOL-S 7612353, JANUARY 1976 — REVISED MAY 1976 


3-Terminal Regulators 


NOMINAL 5% 10% 


e Output Current up to 100 mA 


OUTPUT | OUTPUT VOLTAGE | OUTPUT VOLTAGE 
e No External Components VOLTAGE TOLERANCE TOLERANCE 
; uA78LO2AC uA78L02C 
e 
Internal Thermal Overload Protection SR TSWARAC ASR OBE 
e Unusually High Power Dissipation Capability uA78LO6AC uA78L06C 
a + dace ud . uA78LO8AC uA78L08C 
e 
Direct Replacement for Fairchild »A78L00 Series war eLroiee Raa dOe 
e Internal Short-Circuit Current Limiting UA78L15AC UA78L15C 
JG LP 
DUAL-IN-LINE PACKAGE SILECTt PACKAGE 
description (TOP VIEW) (TOP VIEW) 
OUTPUT 
This series of fixed-voltage monolithic integrated- COMMON 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card INPUT 
regulation for elimination of noise and distribution 


problems associated with single-point regulation. In COMMON 
addition, they can be used with power-pass elements 
to make high-current voltage regulators. One of these 
regulators can deliver up to 100mA of output 
current. The internal current limiting and thermal 
shutdown features of these regulators make them 
essentially immune to overload. When used as a 
replacement for a Zener-diode—resistor combination, 
an effective improvement in output impedance of 
typically two orders of magnitude can be obtained 
together with lower bias current. 


OUTPUT 


schematic : 
NC — No internal connection 


INPUT 


O OUTPUT 


O COMMON 


Resistor values shown are nominal and in ohms. 


TTrademark of Texas Instruments 
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SERIES uA78L00 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA78L02AC, uA78L02C 


Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 
Operating free-air, case, or virtual junction temperature range 


Storage temperature range 


Lead temperature 1/16 inch from case for 10 seconds 


NOTE 1:For operation above 25°C free-air or case temperature_refer to Dissipation Derating Curves, Figure 1 and Figure 2. 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


JG package 
Derating factor = 9.0 mWw/°C 


ReJA = 110°C/W 


JG package 
Derating factor = 50 mw/°c 


above 118°C 
Rajc ~ 20°C/W 


LP package 
Derating factor = 28.6 mWw/c 
above 94°C 


Rejc ~ 35°C/W 


LP package 
Derating factor = 6.2 mw/* 


Raja ~ 160°C/W 
See Note 2 


25 50 75 100 125 150 25 50 | 15 100 125 150 
Ta—Free-Air Temperature—C 


Maximum Continuous Dissipation—mW 
Maximum Continuous Dissipation—mW 


Tc—Case Temperature— C . 


FIGURE 1 FIGURE 2 


NOTE 2: This curve for the LP package is based on thermal! resistance, Rgj,, measured in still air with the device mounted in an Augat socket. 
The bottom of the package was 3/8 inch above the socket. 


recommended operating conditions 


uA78LO2AC | uA78LO5AC 
Pain MAX [MIN MAX [MIN MAX | 
7 20 


Input voltage, Vj 475 20| 7 12.20/85 20/105 23/145 27 1175 30) V 


Operating virtual junction 
temperature, Ty 


TEXAS INSTRUMENTS 


SERIES uA78L00 
POSITIVE-VOLTAGE REGULATORS 


uA78L02AC, uA78L02C electrical characteristics at specified virtual junction temperature, 
V1 =9 V, lo = 40 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONST 


Output voltage V,=4.75 V to 20V, IQ =1mMmAto40 mA 
lo = 1 mA to 70 mA 


: V, = 4.75 V to 20 V 
Input regulation 
V; =5Vto 20V 


Ripple rejection VV; =6V to 16V, f = 120 Hz 


lo =1mAto 100 mA 
lo =1mA to 40mA 


. Vj; =5Vto20V 
Bias current change 
19 = 1 mA to 40 mA 


uA78LO5AC, uA78LO5C electrical characteristics at specified virtual junction temperature, 
Vi = 10 V, Io = 40 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONSTt 
Output volt Vi; =7V to 20V, lo=1mAto40mA | é 75 5,2 : 5 Vv 
utput voltage \ fo) Oo m ie m 0°C to 125°C 4.7 5 4.5 5 
lo=1mAto 70mA 4.75 5.25 4.5 5.5 
Input regulation 25 C mV 
V;=8V to 20V 20 100 20 150 


uA78LO5AC uA78LO05C 


lo =1mA to 40 mA 


Output noise voltage f = 10 Hz to 100 kHz 
Dropout voltage 


gs tmAte40ma 
ea 
las rren 


: V;=8V to 20V ° é 
Bias current change OC to 125°C 
Ig =1mA to40mA 


TAIl characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 UF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw < 10ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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SERIES uA78L00 
POSITIVE-VOLTAGE REGULATORS 


uA78LOG6AC, uA78LO6C electrical characteristics at specified virtual junction temperature, 


V1 = 12 V, Io = 40 mA (unless otherwise noted) 


UNIT 
PARAMETER MIN TYP MAX |MIN TYP ax uNT 
7 2 


595 62 645 | 5.7 62 67 

Output voltage V, =8.5 V to 20V, ig=1mAto40mA forctorasre | 32 __ 88 | 8 Vv 

[oe T mA TOMA Ee I 

renuae  [MFBEV OMY ee ee la 

Ripple rejection V, =10V to 20V, f = 120 Hz fasec =| 40 46s 99 | BC 
20 80 


46 

[= 1A 100.0 ee 

Output regulation 0 25°C mV 

Satpa hois variage | F= TO He o 100 we ae 
Se ee 
eee us 


TEST CONDITIONSt 


mV 


Bi 3 


Bias current chan O°C to 125°C Pere 
(gz TMA to HORA cw tare |} 33-3 


uA78LO8AC, uA78LO08C electrical characteristics at specified virtual junction temperature, 
V1 = 14 V, Io = 40 mA (unless otherwise noted) 


PARAMETER 


cae we [778 83736 8 8.64 
) Ita V,=10.5V to 23V, Ig=1mA to 40 mA on| 76 84 | 7.2 88] V 
utput voltage | 3 fe) m m 0°C to 125°C 

Io = 1 mA to 70mA [76 84] 7.2 8.8 


icsceweauntion 2208 mv | 


8 8.3 
76 8.4 
76 8.4 
25 
re] 


0 
3 
| (= 1 mA 10 100.mA 280 | «8 
Output regulation 25 C 
Io = 1 mA to 40mA p10 0 
ee 


Sitput nse wim f= tors wi00kie rc a 


mV 
mv 
ae 
Bias current 3 mA 
Vietivtomv sd 


Bias current change 
Ig = 1mA to 40mA Pie 


TEST CONDITIONST 


N N 
a 1°] 
° ° 
io) oO 
Ww 
~ 
- 
~ 
o 


TAI) characteristics are measured with a capacitor across the input of 0.33 UF and a capacitor across the output of 0.1 WF. All characteristics 
except noise voltage and rippie rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 


nl 
576 


258 TEXAS INSTRUMENTS 


SERIES uA78L00 
POSITIVE-VOLTAGE REGULATORS 


uA78L12AC, uA78L12C electrical characteristics at specified virtual junction temperature, 
Vi = 19 V, to = 40 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONST 


uA78L12AC uA78L12C 


UNIT 
MIN TYP MAX | MIN TYP | unit 


Output volt V,=14.5Vto27V, IQ =1mAto 40mA é ° 11.4 12. 10.8 13.2 V 
utput voltage | oO O mA to m Pee Te 6 3 
lo =1mAto 70mA 11.4 12.6 | 10.8 13.2 
; V;=14.5V to 27 V 3 55 250 55 250 
Input regulation 25°C mV 
V; =16V to 27V 45 200 45 200 
[9 = TmA to 100 mA 30100 
Berean Ser 30 ay 
lo = 1 mA to 40 mA 12 50 12 
F Output noise voltage [f= 10 Hz to 100 kHz oe el a 
|Dropoutvoltage | Cid wT 7 
42 65 
Bias current = mA 
| Wee | 8 | 
Bias current change 0 Cto 125°C A 
[o= 1 mA to 40 mA Ee on 


uA78L15AC, uA78L15C electrical characteristics at specified virtual junction temperature , 


Vi = 23 V, Io = 40 mA (unless otherwise noted) 
ATBL BAC 
UNIT 


PARAMETER TEST CONDITIONSt 
MIN TYP MAX |MIN TYP MAX 


Ts ts [ts 18182 
Output voltage Vi; =17.5Vto30V, Ig=1mAto40mA 0°C to 128°C 14.25 15.75 | 13.5 16.5 Vv 
lo =1mAto 70mA 15.75 | 13.5 16.5 
Vj : 
I 
| . wV,f= 
I 


= 
> 
N 
or 


= 17.5 V to 30 V ; 70 
Input regulation 25 C 
V) = 20 V to 30 V 55 
Ripple rejection ratio | V = 18.5 V to 28.5 V, f = 120 Hz 34-39 3339 


nN] w& 

} 
ro) 
~ 

: 
w 
° 
ro) 
3 
< 


_ 
o oa 
oO oO 


lo = 1mMA to 100 mA “ 30 30 150 
Bastinenuicien Sane 
!9o =1mA to 40mA 


Output noise voltage f = 10 Hz to 100 kHz 
Dropout voltage 1.7 


Bias current ° 
125 C 

V;=20V to 30 V 

lo = 1mMA to 40 mA 


_ 
L) 
bh! 
o 


TAIl characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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LINEAR SERIES uA78M00 
INTEGRATED CIRCUITS POSITIVE-VOLTAGE REGULATORS 


BULLETIN NO. DL-S 7612403, JUNE 1976 


e 3-Terminal Regulators NOMINAL —55°C TO 150°C 0°C TO 125°C 
e Output Current up to 500 mA OUTPUT OPERATING OPERATING 
N VOLTAGE | TEMPERATURE RANGE |TEMPERATURE RANGE 
e No external components SATERIGERI TA TBMOSE 
e Internal Thermal Overload Protection uA78M06M uA78M06C 
@ Direct Placements for Fairchild uA78MO0 Series uA78M08M uA78M08C 
and National LM341 Series | uA78M 12M vA78M12C 
Hich P Dissipation Capabili uA78M15M uA78M15C 
igh Power Dissipation Capability SNIOOM 2 Aapeeniooe 
@ Internal Short-Circuit Current Limiting uA78M24M uA78M24C 
@ Output Transistor Safe-Area Compensation PACKAGES KC, KD, and LA 
description schematic a 


This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. One 
of these regulators can deliver up to 500 milliamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overlaod. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 


OUTPUT 


0 TO 20k 


OMMON 


terminal assignments 


Resistor values shown are nominal and in ohms. 


KC PACKAGE KD PACKAGE LA PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 


OUTPUT 


bs ro 
> OUTPUT \ 


COMMON 


TO-220AB TO-202AB 
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SERIES uA78M00 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA78M05M uA78M05C 
THRU THRU 
uA78M24M 


Input voltage 


Continuous total dissipation at (or below)25 C case temperature 


(see Note 1) 


—55 to 150 
—65 to 150 | —65 to 150 
Lead temperature 1/16 inch from case for 10 seconds 


Lead temperature 1/16 inch from case for 60 seconds LA package 300 300 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4. 


recommended operating conditions 


uA78M15M, uA78M15C 
uA78M20M, uA78M 20C 23 


uA78M24M, uA78M24C 


Output current, [9 


: : : . uA78MO5M thru uA78M24M 
Operating virtual junction temperature, Ty ATBMOSE th ATEM24C 
u ruu 


TEXAS INSTRUMENTS 


SLNAWNULSN] SVX4AL 


£92 


MIN 
Pst 5 48 
m oe 19 = 5 mA to 350 mA 175 


uA78M05M, uA78MO05C electrical characteristics at specified virtual junction temperature, 
V, = 10 V, Ig = 350 mA (unless otherwise noted) 


uA78M05M A78MO05C 
PARAMETER TEST CONDITIONST : UNIT 
MIN TYP MAX TYP MAX 
48 5 5.2 5 
4.7 5.3 


c 5.2 
2 
[Vi=7Vveo20v | ocwic | SH 
a oe eee A 
lig = 200 mA 25°C ai en he 
es 
: : eae wee 


—~55 C to 150 C 
IQ = 100 mA 

O°C to 1256 
ig = 300 mA 


Input regulation 


Vv) =8V to 18V, 


Ripple rejectio 
a eda f = 120 Hz 


; 19 = 5 mA to 500 mA 
Output regulation 25°C 
19 =5mA to 200 mA 
Temperature coefficient F —55°C to 150 C 
lo =5mA 5 
of output voltage 0Cto125C 


Output noise voltage f = 10 Hz to 100 kHz 


3 50 
1 25 
62 
20 50 
Fewwee | SCCSC~t 
1-9 = 200 mA, Vj =8 V to 25V 
Toomse | Sd 


Bias current change 


a 
—55°C to 150°C 
19 =5 mA to 350 mA 3 


0°C to 125°C 
Short-circuit 4 
V,=35 V 25°C 
output current 
Preakoumouene [CSC 


TAI characteristics are measured with a capacitor across the input of 0.33 WF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must 


be taken into account separately. 


SHOLVINSIY JDVLIOA-JAILISOd 
JSOWSLV" ‘NSOWSLY" S3dAL 


v9¢ 


SLNAWNULSN] SVX4L 


uA78M06M, uA78MOEC electrical characteristics at specified virtual junction temperature, 
Vy, = 11 V, Ig = 350 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONST 


_ TYP MAX 
sae Ce ee TY el (ee 
V1 : 
5 
1.5 30 


Vi =8Vt025V seo Sit 
seco | eS] SCS 
Vi=9Vt0o19V, 19 = 100 mA 5 > 

cwime | Ss—“—SCSYSCOCSC“‘CSSC*S 
f = 120 Hz 3 
Io = 5mA to 500 mA e 20 60 20 120 
Output regulation 25°C mV 

Io =5mA to 200 mA 


Ig =5mA ‘ ° mv /°C 
of output voltage cowie To CdEC(“‘#$SC CO'BCS 


[Dropout vonage SSCSCSCSCSCSCSCSSC“‘“dRSCSC“‘HCdSSCCSC“‘RSSNC*dSCN 29s 
[Biascurrene «did sa 


“pcoisoc | = ow | C“‘(‘;‘SCSsCSC‘isC 
19 = 200 mA, Vj =9 V to 25 V = 
m 


=e | —Sss— | CCOCSC~S 
19 =5 mA to 350 mA . - 
cme |. Oe 


Short-circuit 3 
Vip =35V 25°C 270 270 mA 
output current 


TAN characteristics are measured with a capacitor across the input of 0.33 MF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty,<10 ms, duty cycle < 5%), Output voltage changes due to changes in internal temperature must 
be taken into account separately. 


uA78M06M uA78M06C 
UNIT 


Input regulation 


Ripple rejection 


Bias current change 


SHOLVINSIY ADVLIOA-FAILISOd 


JSOWSLY" ‘WSOWS8LY" SadAl 


SLINAWNULSNI SVX4AL 
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uA78M08M, uA78MO8C electrical characteristics at specified virtual junction temperature, 
V, = 14 V, Ig = 350 mA (unless otherwise noted) 


PARAMETER 


Output voltage 


TEST CONDITIONSt 


Io = 5 mA to 350 mA 7 . 


V, = 10.5 V to 25 V 


ea ee 
s5ctoisoc | 56 Cd 

Ig = 100 mA = a 

Io = 300 mA Eco 

Output regulation 25 C mV 
lo =SmA to 200 mA 10 40 10 80 

Temperature coefficient SeCwioc | 08 | —S—~Sd—S 
lo =5mA = 5 mV/C 

of output voltage octroisc {OS 

Dropout voltage De cua Pe oe ee ee ee 

[Biascurrent | Cid mA 


19 = 200 mA : 
m 


ecw | SSC STC 
19 = 5mA to 350 mA 5 = 
Octoisc | 
Short-circuit ° 
Vy; =35V 25 C 250 mA 
output current 
Peak output current psc 00 — 0 


TAIl characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 WF. All characteristics except noise voltage 


Input regulation 


V)=11.5V to 21.5V, 
f= 120 Hz 


Ripple rejection 


56 80 


TYP MAX 
7.7 8 8.3 
Viet Sv 2v | 66 Cw 1506 | 76 eS aera 
2 30 
56 80 
25 80 


Bias current change 


and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must 


be taken into account separately. 


SHOLVINDIY JOVLIOA-JAILISOd 
J8OINSLV" ‘WSO0INSLV" S3dAL 
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uA78M12M, uA78M12C electrical characteristics at specified virtual junction temperature, 
Vi= 19 V, Ig = 350 mA (unless otherwise noted) 


PARAMETER TEST COND!ITIONSt 
eee ee ee ee es 
V1 =15.5 V to 27V —55° C to 150°C 11.4 12.6 
Output voltage UB RA scorn E 
V,=14.5V to 27V QCto 125 C 


V; =14.5 V to 30 V 
1g = 200 mA V; =16V to 25 V 25°C 
V,=16V to 30V 


—55°C to 150°C 
; a V,; =15V to 25V, Ig = 100 mA = = 
Ripple rejection OC to 125 € 
f = 120 Hz 5 
Io = 300 mA 25°C 


uA78M12M 
MIN TYP A 


SHOLVINDIY JDVLIOA-FAILISOd 


uA78M12C 
TYP MAX 
11.5 12 125 


UNIT 


x 
S 
z 


= 
oh 
> 


12.6 


| Input regulation 


vo) 
3 
< 


N 
on 
o 


oa] 
fe] 


yo 
oa 
Oo 


240 
10 120 


< 


No] 
= 

wt 

° 

fe) 

8 


oO 


=miN 
orn 
tb 
Qpny 
fo) 
N 
oO 


25°C 


mvc 


~ 
or 
~ 


= 
col rt a 
ro) 


fo) 


.s 


3 3 3 


—55°C to 150°C 
O°C to 125°C 
Short-circuit ° 
V,=35V 25°C 
Output current 
[Peak ourputcurent [SSCS _—C*' 


T All characteristics are measured with a capacitor across the input of 0.33 wF and a capacitor across the output of 0.1 WF. All characteristics except noise voltage 


and ripple rejection ratio are measured using pulse techniques (ty < 10ms, duty cycie < 5%) Output voltage changes due to changes in internal temperature must 
be taken into account separately. 


>) 
oO 


> 
co} 
‘ o 


240 
700 


70 


JZLINSLV" ‘WZLINSLY" S3dAL 


SLNIWNULSN] SVX4L 
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uA78M 15M, uA78M15C electrical characteristics at specified virtual junction temperature, 


V, = 23 V, Ig = 350 mA (unless otherwise noted) 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX | MIN TYP MAX 
poste 8 | 1818 
Output voltage V}=18.5Vto30V | —55°Cto 150°C | 14.25 1.75 {| | vt 
19 =5 mA to 350 mA . 2) 
V) = 17.5 V to 30V ocw12°C | | 14.75 15.75 


P V}=17.5 V to 30 V 
input regulation 1g = 200 mA 
V;=20V to 30V 


“ties | CdS 
V, = 18.5 V to 28.5V,|Ig =100mA = - 
Gewiee. (= Oe ee 
f =120 Hz 3 
; 19 = 5 mA to 500 mA * 25 150 25 300 
Output regulation 25°C mV 
ig=5mA to 200 mA 10 75 10 150 
[Temperature coefficient pe wiOG i | 
Io=5mA > mV/PC 
of output voltage o0Cto125 C ee 
Output noise voltage | = 10H to 100 Kia a er a 


[Bropoutvolage | SCCSC“‘“s“‘“‘“dSSC—* 2 
fBias current —SSidSSCC“‘“SCS*S*SCSCS*C“~s“‘~‘“‘“‘S*S*dSSCSCSC“‘“(‘;RSNSO#O#C#*‘wARB*SCO*~‘é‘(O 


uA78M15M uA78M15C 
UNIT 


Ripple rejection 


Vi=185Vt030V | -558°Cto150°C | = si 
19 = 200 mA 
V, =17.5 V to 30V octoi2°c | sd 


4 
=55'C to 150°C 
19 =5mA to 350 mA a 
Short-circuit 6 
output current 


TAI characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must 
be taken into account separately. 


Bias current change 


d 
Ml rp 
re) 
B 
> 
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uA78M20M, uA78M20C electrical characteristics at specified virtual junction temperature, 
V, = 29 V, Ig = 350 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 
192 20-208 
Output voltage V1 =24V to 35V —55° C to 150°C 19 
lo =5 mA to 350 mA 


I 
V}=23 V to 35V 0°C to 125°C 
VI 

| 


=23Vt035V 
Input regulation Iq = 200 mA 
imoutrepiaton | t= 200ma IEE |. are | 


—55 C to 150 C 
V1, = 24 V to 34V, 19 = 100 mA - 
OC to 125°C 
f= 120 Hz 
Io = 300 mA 53 


: 1g = 5 mA to 500 mA 
Output regulation 25 C 
lo = 5 mA to 200 mA 


Cc 
Temperature coefficient —55°C to 150°C 
lo =SmA 5 = 
of output voltage OC to 125 C 
Cc 


uA78M20M 
MIN TYP MAX 


uA78M20C 
TYP 
19.2 20 2 


oO 
or 
Ww 
~ 
Oo 


UNIT 


> 
3 
< 


° 
fo] 


N 
— 


Ripple rejection 


7 
3 


is) 


mV/°C 


25° 
Output noise voltage, f = 10 Hz to 100 kHz 


.s 


N Oo 
7 
8 


V; = 24V to 35 V -—55 C to 150 C 
IQ = 200 mA 

V; =23 V to 35 V OCto 125 C 

-55 C to 150 C 


O°C to 125°C 


Bias current change 
1g = 5 mA to 350 mA 


N 
o 
oO 


Short-circuit 


Vv, =35V 25°C 240 
output current 
25 790 


TAIN characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 WF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must 
be taken into account separately. 
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uA78M24M, uA78M24C electrical characteristics at specified virtual junction temperature, 
V, = 33 V, Ig = 350 mA (unless otherwise noted) 


TEST CONDITIONSt 
eer ree eee ee 
Output voltage Io = 5 mA to 350 mA Vv, = 28 V to 38 V —5S° C to 150°C 


V; =27V to 38 V C°C to 125°C 


V,=27V to 38 V 
lo = 200mA V;=30V to 36 V 25°C 
V, = 28 V to 38 V 
V)=28Vto38V, | 19 =100maA aoe 
meee: le . 0°C to 125°C 
f = 120 Hz 5 
Iq = 300 mA 25°C 
{9 =5 mA to 500 mA 2 30 240 30 6) 
Output regulation 25 C 48 mv 
19 =5 mA to 200 mA 10 120 10 240 
Temperature coefficient —55°C to 150°C —1.2 eres x 
to =5mA = 5 mV/°C 
of output voltage O°C to 125°C 


uA78M24M 
MIN TYP 
23 2 


uA78M24C 
MIN TYP 


’ 
> 
x 


= 
> 


N 
Ny 
[oe] 
N 
oO 
nN 


eS 
No 
4 nN 
Ww 
nN 
A 
. N 
on 
bas 


Input regulation 


ak 
=) 
— 
° 
So 
3 
< 


Ripple rejection 


or 
o 
~ 
io) 
oa 
oO 
~ 
oO 


Output noise voltage | f = 10 Hz to 100 kHz v7 


[Biascurrent. TC ssC“‘“C(SNCO*COOC(éPC CCS 
fe} 


Vi = 28 V to 38 V —55 C to 150 C 

19 = 200 mA 3 . 
V, =27V to 38 V OC to 125 C 
—55 C to 150 C 

lo =5mA to 350 mA = 3 
0 C to 125 C 


Short-circuit ss 
hae V,=35V 25°C 240 240 ma 
output current 


Peak output current | —SSSOSCS—SSCSCSCSC‘iCSSC 70 


TAIl characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 WF. All characteristics except noise voltage 
and ripplte rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must 
be taken into account separately. 


Bias current change 


i? | 
> 


: 
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SERIES uA78M00 
POSITIVE-VOLTAGE REGULATORS 


Maximum Continuous Dissipation—mW 


Maximum Continuous Dissipation—mW 


THERMAL INFORMATION 


KC AND KD PACKAGES 
FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVES 


KC (TO-220AB) package 
Derating factor = 16 mW/C 
Roya © 62.5 C/W 


KD (TO-202AB) package ~~ 
Derating factor = 12 mW/°C __ 
Roja © 83.3 C/W 


0 
25 50 75 100 125 150 


Ta—Free-Air Temperature—°C 


FIGURE 1 


LA PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


Derating factor 4.8 mw/°C 
Roja © 210°C/w 


Ta—Free-Air Temperature— C 


FIGURE 3 


TEXAS INSTRUMENTS 


Maximum Continuous Dissipation—W 


Maximum Continuous Dissipation—W 


KC AND KD PACKAGES 
CASE TEMPERATURE 
DISSIPATION DERATING CURVES 


KC (TO-220AB) package 
Derating factor = 250 mw/c 
above 120°C 


Ro jc ¥ 4°C/w 


25 


KD (TO-202AB) package 

Derating factor = 80 mW/C 
above 56°C 

Resc ~ 12.5°C/W 


50 75 100 125 150 


Tc—Case Temperature 


FIGURE 2 


LA PACKAGE CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


Derating factor = 40 mw/C 
above 25°C 


To—Case Temperature—C 


FIGURE 4 


Printed in U.K. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIM 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBL! 


LINEAR SERIES uA7900 
INTEGRATED CIRCUITS NEGATIVE-VOLTAGE REGULATORS 


BULLETIN NO, OL-S 7612404, JUNE 1976 


3-Terminal Regulators NOMINAL —55°C TO 150°C 0°C TO 125°C 
OUTPUT OPERATING OPERATING 
VOLTAGE |TEMPERATURE RANGE| TEMPERATURE RANGE 
uA7905M uA7905C 
uA7906M uA7906C 
uA7908M uA7908C 
uA7912M uA7912C 
uA7915M uA7915C 
uA7918M uA7918C 
uA7924M uA7924C 


e Output Current up to 1.5A 


e No External Components 


e Internal Thermal Overload Protection 
e Direct Replacements for Fairchild 1. A7900 Series 


e Essentially Equivalent to National LM 320 
Series 


e High Power Dissipation Capability 


e Internal Short-Circuit Current Limiting 


KA PACKAGE KC PACKAGE 


e Output Transistor Safe-Area Compensation 


(TOP VIEW) (TOP VIEW) 


description 


INPUT OUTPUT 


This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement Series uA7800 in a wide range of 
applications. These applications include on-card regu- 
lation for elimination of noise and distribution 
problems associated with single-point regulation. One 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 


COMMON 


f (NPUT 


schematic 


| -24V 
VERSIONS 


ad 


Resistor values shown are nominal and in ohms, 
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SERIES uA7900 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA7905M 
THRU THRU 
uA7924M | uA7924C 


Input voltage 
: ott, dt 5 KA (TO-3) package 
Continuous total dissipation at 25 C free-air temperature (see Note 1) 
KC (TO-220AB) package | sid 
- 00 


uA7905C 


Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 
[operating Heer, ae, or virtua juncvon empeaturerenge «did BW HOY 1D] “CY 
[Storage temperature range Yo TBO |B to THO 
; 

ER, 


Lead temperature 1/8 inch from case for 10 seconds KC (TO-220AB) package 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2, 


TO-3 AND TO-220AB FREE-AIR TEMPERATURE TO-3 AND TO-220AB CASE TEMPERATURE 
DISSIPATION DERATING CURVES DISSIPATION DERATING CURVE 


KA (TO-3) package 
Derating factor = 28 mW/C 


KC (TO-220AB) package Derating factor = 0.25 W/°C 


Maximum Continuous Dissipation—W 
Maximum Continuous Dissipation—W 


Derating factor = 16 mW/°'C above 90°C 
Raja © 62.5°C/W Re jc = 4°C/W 
25 50 75 100 125 150 25 50 75 100 125 150 
Ta—Free-Air Temperature—C Tc—Case Temperature—°C 
FIGURE 1 FIGURE 2 


recommended operating conditions 


Input voltage, Vj 


Output current, 19 


Operating virtual junction temperature, Ty PEMA B ee shea Maiaeen 
uA7905C thru uA7924C 
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uA7905M, uA7905C electrical characteristics at specified virtual junction temperature, 
Vi =—10 V, lo = 500 mA (unless otherwise noted) 


PARAMETER 


Output voltage 


uA7905M 


48-6 6.2 

lo =5mAto1 A, V1 =—8V to—20 V | —55°C to 150°C | —4.7 53] |v 

P<15W Vi=-7Vto-20V | O'Cto128°C | = =——S—sidYd'™= 4.785 —5.25 
3H ow | 


V, =-7 V to —25 V 
Vi =—-8 Vto—12V 
15 100 jy | 
mV 


uA7905C 
TYP 


TEST CONDITIONSTt 


ES 
z 


Ww 
ol 
o 
w 
— 
Oo 
o 


Input regulation 


= 
N 
oa 
a 
Qn 
oO 


: 


Ripple rejection V, = —-8 V to -18 V, 


25°C 
—55°C to 150°C 54 6 
f = 120 Hz - 
0°C to 125°C 
; 
25°C 


lo=5mAto15A x 
19 = 250 mA to 750 mA 


on 
£ 
fo?) 
oO 


Output regulation 


oa 
163) 
jo) 


0°C to 150°C 


O°C to 125°C 
f = 10 Hz to 100 kHz 12 


Temperature coefficient 
19 =5mA 
of output voltage 


—_ 

-|o0 ayo 
NOT o 
os) ao) 


Output noise voltage 


_ 
NO 


— 
~{ ola 
—b 
w N 


p 


Dropout voltage 


Bias current ie 
V;=-8Vto—-25 V —55°C to 150°C is 


Vj =-7Vto-25V OC to 125°C 
Bias current change 3 3 
—55°C to 150 C 
lio =SmAto1A 25 r5 
0 Cto125 C 


TAII characteristics are measured with a capacitor across the inpur of 0.33 UF and acapacitor across the output of 0.1 uF. All characteristics except noise voitage 


| 
> 


Peak output current 2. 


_ 
2 
nr 
N 
u 
> 


and ripple rejection ratio are measured using pulse techniques (ty <10ms, duty cycle < 5%). Output voitage changes due to changes in internal temperature 
must be taken into account separately. 
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uA7906M, uA7906C electrical characteristics at specified virtual junction temperature, 
V1 =—11 V, lo = 500 mA (unless otherwise noted) 


A7906M A7906C 
PARAMETER TEST CONDITIONST = 2 
MIN. TYP MAX TYP MAX 


= 
z 


Output voltage 
7 Vv 


eveav| ocwme | Sid “63 
Input regulation 25°C 
Vi =-9Vto -13 V 1.5 30 : 


; a —55°C to 150°C 54 60 
Ripple rejection V;=-9 Vto -19 V, f = 120 Hz 
5 


on 

p= 
/ 

© 


[On) 
D 
oO 
Cc 
3 2 
< =< 


BSS 


120 


3 


a 

< 
~~ 
2) 


= 
1S) 


O°C to 125°C 
[Peakoutputcurent =f CT 


| 
o 
wn 
oO 
c 
al 
= 
o 
5 
> 
N 
a 
QO 
— 
NO 
nN 
fan) _ 
a ww N 


tT Ati characteristics are measured with a Capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 


and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 
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uA7908M, uA7908C electrical characteristics at specified virtual junction temperature, 
Vi = —14 V, lo = 500 mA (unless otherwise noted) 


A7908M A7908C 
PARAMETER TEST CONDITIONS _ es UNIT 
MIN TYP MAX | MIN. TYP MAX 


ee nea: ee 297 8 282° | 77 —8"--82 
|__| 5 mA to 1A, Vj =—11.5 V to —-23 V_| —55°C to 150°C | —7.6 —8.4 pa a Vv 
Output voltage : 
P<15W V;=—10.5 Vto -23 VV | 0°C to 125°C aes See [76 8.4 | 


V; = —10.5 V to —25 V 160 
Input regulation 
Vy =—-11Vto—-17V 


55°C to 150°C Sa 
Ripple rejection V; = —-11.5 V to —21.5V, f=120 Hz 
O°C to 125°C ae ecge nnn SE 6 
Output regulation 25 C 
Temperature coefficient o: C to Ue Cc a 
mvV/°C 
F=10 Hz to 100 KH SS eS SRS 
Fa a mC eee | SENT] HSRC eee ERT 
Venti S Vi 28 =sire we ware | 
“BEC 10 150°C a ee 
Io =SmMAtO1TA 
occ | Sid SSCS—t 
Pavone [| C—O A 


TAI characteristics are measured with a capacitor across the input of 0.33 WF and acapacitor across the output of 0.1 uF. All characteristics except noise voltage 


Bias current change 


and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in interna! temperature 
must be taken into account separately. 
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uA7912M, uA7912C electrical characteristics at specified virtual junction temperature, 
V1 =—19 V, Io = 500 mA (unless otherwise noted) 


uA7912M uA7912C 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX 
Io =5mAto1 A, 


P<15W V,=-14.5 Vto-27V |] O°C to 125°C eee —12.6 
V; =—145 V to —30 V 10 120 10 240 
Input regulation 25°C mV 
1 


Output voltage 


, : “SECC, SF Cd 
Ripple rejection Vi = —15 V to —25 V, f = 120 Hz = 
! o'croras’c | 
; lo=5mAto1.5A a 2 120 
Output regulation 25°C 7 


| 
° 
ok 
AlN 
=|} NM 
N/a 
oO; Oo 
3 
< 


V, = —15 V to —30 V 


—55°C to 150°C 
V; =—14.5 V to— 30 V 0°C to 125°C 


Bias current change s 3 
—55 C to 150°C 
lo =SmAto1A 7 
0 Cto125C 


[Peak oupurenen’ [SSCS 


Tail characteristics are measured with a capacitor across the input of 0.33 WF and acapacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 


NT 
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uA7915M, uA7915C electrical characteristics at specified virtual junction temperature, 
Vi = —23 V, Io = 500 mA (unless otherwise noted) 


PARAMETER 


-144 -15 -156|-144 -15 —156 
Side lp =5mMAto1 A, V; = —18.5 V to —30 V | —55°C to 150°C |—14.25 15.75 Vv 
volta 

ph es - P<15W V) =—17.5 Vto —30V | O°Cto 125°C 14.25 ~15.75 


; V; =-17.5 V to —30 V 7 
Input regulation 25 
V) = —20 V to —26 V 


Ripple rejection V) = —18.5 V to —28.5 V, f = 120 Hz s a el 


TEST CONDITIONSt uA7915M uA7915C 
MIN TYP MAX | MIN. TYP MAX 


| 
a 
a 
3 
< 


75 


0 Cto125 C 


Cc 
' 19 =SmMAto15A 2 1 
Output regulation 25 C 
Ig = 250 mA to 750 mA 


11 
3 
2 1 


a 

fo) 
=| Z 
<j & 
fe) 


N 
wW 
o) 
a) 
3 
< 


3 


4 
Temperature coefficient 0 Cto 150 C eee ee 
19 =5mA 
of output voltage 0 Cto125 C rss 
5 


E 


PST 
a 


on 

Ww 
B 

> 


Bias current change mA 


—55 C to 150 C 
lo =5mAtoTA 7 
OCto 125°C 


TAIt characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 


7 
1; 
2 


. 
—_ 
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uA7918M, uA7918C electrical characteristics at specified virtual junction temperature, 
Vi = —27 V, |¢o = 500 mA (unless otherwise noted) 


uA7918M A7918C 
PARAMETER TEST CONDITIONST _ UNIT 
MIN TYP MAX MIN TYP MAX 


V 
mv 


Output voltage 


Ig =5mMAto1 A, V, = —-22 V to —-33 V|—55°C to 150°C | -17.1 —18.9 
P<15W V)=—21V to -33V] 0°C to 125°C 


; V; = —21 V to —33 V 5 
Input regulation 25°C 
V; = —24 V to —30 V 


ae —55°C to 150°C 
Ripple rejection V1 = —22 V to —32 V, f = 120 Hz ie oe 


0°C to 125°C 
. lg =5mAto1.5A 
Output regulation 
lq = 250 mA to 750 mA 
Temperature coefficient 0°C to 150°C eae ees 
Io =5mA . a 
of output voltage : O0Cto 125 C —1 


[Biescurent PCSSCSCS™S™SOCSSSCSCSC‘iYSSCPE 
Vy, = -22 V to —33 V —55°C to 150°C 

: V)=—21V to -33 V O°C to 125°C 
Bias current change 


=55°C to 150°C 
Io =SmAto1TA 3 5 
A 


TAI characteristics are measured with a capacitor across the input of 0.33 uF and acapacitor across the Output of 0.1 uF. All characteristics except noise voltage 


and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voitage changes due to changes in internal temperature 
must be taken into account separately. 
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uA7924M, uA7924C electrical characteristics at specified virtual junction temperature, 
V1 = —33 V, Io = 500 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONST 


re ae ne eee ee 
Output voitage 


IQ =5mAto1 A, V) = —28 V to —38 V |—55°C to 150°C | —22.8 5.2] | Vv 
P<15W Vj=-27Vt0-38V[ O°Cto1258°C [| sd = 2B —25.2 


: V, = —27 V to -38 V - 18 240 18 480 
Input regulation 25°C mV 
V1 = —30 V to —36 V 6 120 6 240 
Ee “55°C 10 150°C 
Ripple rejection V | = —28 V to —38 V, f = 120 Hz 
. Io =5mAtoi5A % 12 240 
Output regulation 25°C 
Temperature coefficient 
of output voltage 
Output noise voitage 


Dropout voltage 


o 
° 
oO 
ina 
o 
—_ 
N 
n 
° 
QO 
/ 
oO 


mh 
AlN 
Nl es 
| 
o|o 
3 
< 


V| = —27 V to —38 V 0°C to 125°C 
~55°C to 150°C 
Ig =5mAto1A 


Bias current change 


Peak output current 


t Alt characteristics are measured with a capacitor across the input of 0.33 uF and acapacitor across the output of 0.1 uF. All characteristics except noise voltage 
and rippte rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 


—_ 
oa) 
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LINEAR SERIES uA79M00 
INTEGRATED CIRCUITS NEGATIVE-VOLTAGE REGULATORS 


BULLETIN NO, DL-S 7612405, JUNE 1976 


e 3-Terminal Regulators NOMINAL —55°C TO 150°C 0°c TO 125°C 

e Output Current up to 500 mA OUTPUT OPERATING OPERATING 

VOLTAGE |TEMPERATURE RANGE] TEMPERATURE RANGE 
uA79M05M uA79MO5C 

e Internal Thermal Overload Protection uA79M06M uA79MO6C 

e Direct Placements for Fairchild 1. A79MOO Series un MCeM EATS MOSE 

uA79M12M uA79M12C 

uA79M15M uA79M15C 

e Internal Short-Circuit Current Limiting uA79M20M uA79M20C 


e Output Transistor Safe-Area Compensation uATSM24M uA79M24C 


PACKAGES KC.KD, and LA 


e No External Components 


e High Power Dissipation Capability 


description schematic 


COMMON 
oO 


This series of fixed-negative-voltage monolithic Ty 
integrated-circuit voltage regulators is designed to 
complement Series uA78MO0O in a wide range of 
applications. These applications include on-card regu- 
lation for elimination of noise and distribution 
problems associated with single-point regulation. One 
of these regulators can deliver up to 500 milliamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 


45K 
TO63k 


17k 
TO 18k 


O 
Resistor values shown are nominal and in ohms. INPUT 


terminal assignments 


KC PACKAGE KD PACKAGE LA PACKAGE 


(TOP VIEW) (TOP VIEW) (TOP VIEW) 
OUTPUT 


ce ——> ee =~ 
ST => OUTPUT & etre COMMON 
CO 5 INPUT INPUT 
SAT as 


= = COMMON COMMON 


TO-220AB TO-202AB 
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SERIES uA79M00 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA79M05M_ | uA79M05C 
THRU 
uA79M24M 


Continuous total dissipation at (or below) 25°C case temperature 
(see Note 1) LA package 


Operating free-air, case or virtual junction temperature range | 5510150 _| 0 to 150 


Storage temperature range ~65 to 150 —65 to 150 


Lead temperature 1/16 inch from case for 60 seconds 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4. 


recommended operating conditions 


Twin WAX | UNIT] 
waTeMoé if 8 25 
jwaTemos | -1085 28 | 


ATOM P2335 | 
uA79M24 —27 —38 


Output current, lo mA 


ay eta, uA79MO5M thruuA79M24M | -55 150] , 
Operating virtual junction temperature, TJ reer ee ATGMDAC Cc 
u ruu [125 | 
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TYPES uA79M05M, uA79MO05C 
NEGATIVE-VOLTAGE REGULATORS 


uA79MO5M, uA79MO5C electrical characteristics at specified virtual junction temperature, 
V; =—10 V, Ig = 350 mA (unless otherwise noted) 


A79M05M 
PARAMETER TEST CONDITIONSt - 
MIN TYP MAX 


eee ee ee ee 
Output voltage —55°C to 150°C |-4.75 --5,25 


lo = 5 mA to 350 mA, Vj = —-7 V to -25 V 
0°C to 125°C 
; Vi =-7 V to —25V . 
Input regulation 


V,=-8V to -18 V 


uA79MO05C 


UNIT 
MIN TYP MAX unr 
48 -5 -52 
Vv 
~4.75 
Sy my 
m 


~N 
! 
o 
N 
ol 


50 


7 
3 


V,;=-8 V to -18 V, 
f = 120 Hz 


Io = 100 mA = : 
OCto 125°C 
25°C 
—55°C to 150°C 
0°C to 125°C 


Biescurent | 
—55°C to 150°C 
V,}=-8 V to -25 V 


~ O°C to 125°C 
rren an 

las current change —55°C to 150°C 
1g = 5mA to 350 mA = 5 

0 Cto 125°C 
Short circuit 

ort circui V) = -30V 25°C 

output current 


Peak output current 


TAH characteristics are measured with a 2-uF capacitor across the input and a 1-“F capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes 


Ripple rejection 


75 1 75 


Vv 
mV 


125 uV 


oO 
7 
fo) wo 
oO oO 


3 3 3 


in internal temperature must be taken into account separately. 


ea 
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TYPES uA79MO6M, uA79MO06C 
NEGATIVE-VOLTAGE REGULATORS 


uA79MO6M, uA79MOEC electrical characteristics at specified virtual junction temperature, 
V,;=—-11V, 19 = 350 mA (unless otherwise noted) 


PARAMETER 


Output voltage 


uA79M06M uA79MO06C UNIT 
MIN TYP MAX | MIN TYP MAX 


[asc |-5.75 6 -6.25|-5.75 6 ~6.25 
ow WTC 

lo = 5 mA to 360 mA, Vj = 8 V to —25 V 
Octo1zc | C8 


TEST CONDITIONST 


Oo | wo 


3 


: 


ee ae eo 


“Bec to150°C| 50 

Vi =-9 Vto-19V, =100mA 7 = 

f = 120 Hz 
g=a00ma | asc Cite 


ouputrepietion — Oem to 500 mA ae [80120 J. 80 
lo = 5 mA to 350 mA 

Temperature coefficient 

of output voltage 

[Output noise voltage __|f = 10 Hz to 100 kHz 

19 = 5 mA to 350 mA 


Input regulation 


i 


Fiipple rejection 


3 


3 
3 3 El] < 


> 
—_— 
nN 
o 


Bias current change 


0 
Short circuit 
V,;=-30V 25°C 
output current 
13] 


TtAIl characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 


3 
> 


aE 
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TYPES uA7SM08M, uA79M08C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M08M, uA79MO8C electrical characteristics at specified virtual junction temperature, 
V, =—19 V, lg = 350 mA (unless noted) 


A79M08M A79M0: 
PARAMETER TEST CONDITIONSt - sees 
MIN TYP MAX| M 


area eee eee ee eee eee 
SuIpsE yolsage lg = 5MA to 350 mA, V; = —10.5 V to —25 Vv —55 C to 150 C/-76 —84 
0°C to 125°C 


a 7: 
V1 = —10.5 V to —25 V a 8 
romano eye | 


Vy =-11 V to -21V 


2 
+ 
< 
uv 
= 
> 
x 


| 
foe) 
w 


if 


V)=—11.5 V to -21.5V, 


f=120H 
ig=300mA asc «| (oe 
lo =5mA to 500 mA 4 90 160 90 


Ripple rejection 


} 
Oo 
Cc 
z| < |2 
=| 


oO 
i] 
3 
> 
| 
i) 
o 
° 
oO 
aad 
° 
a 
io} 
© 
OQ 


D 
o 
cS 
< 


3 

< 
~ 
2) 


2 


—55°C to 150°C 
V) = —10.5 V to -25 V = 
0°C to 125°C 


| =8mA to 350 mA =s5°C to 150°] 0a 
=om 
Short circuit 
sd aes 25°C 
Output current 
ae 


TAI characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output, All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 


Bes 
> 


Bias current change 


mem 
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TYPES uA79M12M, uA79M12C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature, 
V, = —19 V, Ig = 350 mA (unless otherwise noted) 


uA79M12M uA79M12C 
PARAMETER 
MIN TYP MAX | MIN TYP MAX 


TEST CONDITIONST 
PT ———C—CiC(Ci‘iS sf 5-12 -12.5 115-12 -125 
Output voltage 


—55°C to’ 150°C |—-11.4 —12.6 
to = 5MA to 350 mA, Vj = —14.5 V to —30 V = . 


ike a V, = —14.5 V to —-30 V 25°C 9 80 9 
nput r 
pucreguleton:. [years V too Paes Seal 
—55°C to 150°C 
V,;=-15 V to-25V, = > 
OC to 125 C 

f = 120 Hz = 

[= 500 mA 
lo =5mAto 500 mA 
re 
lo =5 mA to 350 mA 


es) 
ro) 
3 


x 3 3 2 = 
5 ar 


< 


Ripple rejection 


Temperature coefficient —55°C to 150°C [| 08 
lo 5mA oO ° 

of output voltage 0 Cto 125 C pa 

Output noise voltage f = 10 Hz to 100 kHz 

Dropout voltage 2S 


65 


mv/° 


300 


o°) 
N 
S 
° 
< 


fBiascurrent [CC 
—55°C to 150°C 


V, = -14.5 V to -30 V 
| ome 0°C to 125°C 
“55°C to 150°C 


0°C to 125°C 


Bias current change 
19 = 5mA to 350 mA 


3 | 


Short circuit 

V,=-30V 25°C mA 
output current 
[Peak outputcurrent [| —C(‘“‘;SS”TCCUCUdT UC 


tAIl characteristics are measured with a 2-uF capacitor across the input and a 1-F capacitor across the output. All characteristics except noise 
voitage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes 


in internal temperature must be taken into account separately. 


nl 
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TYPES uA7SM15M, uA79M15C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature, 
V) = —23 V, Ig = 350 mA (unless otherwise noted) 


Ig = 5 MA to 350 mA, V; = —17.5 V to —-30 V 


: V| = =17.5 V to -30V 
Input regulation J 


V| =-18 V to -28 V 


1.1 : 
BC w 1wO"C ee 
O°C to 125°C en?) 
° ° mA 
55°C to 160°C pe 


Short circuit ° 
r ircul 25°C 


output current 


TAI characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 


a ogress 
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TYPES uA79M20M, uA79M24C20C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M20M, uA79M20C electrical characteristics at specified virtual junction temperature, 
V,=—29V,l9= 350 mA (unless otherwise noted) 


uA79M20M uA79M20C 
PARAMETER TEST CONDITIONST UNIT 
MIN TYP MAX | MIN TYP MAX 
Post | -19.2 =20 = 208 |-19.2 -20 —208 
Output voltage P1921 


ig RBA to 260 Ay Vj aa te 5y Poe ee ee fee 


c —21 
F —19 —21 
Oi ae 


—55°C to 150°C 
lg = 100 mA Zs 
} 0°C to 125°C = ae 
75 300 jv 
1 


‘ ae V| = —24V to -34V, 
Ripple rejection 
f = 120 Hz 


I¢ = 5 mA to 500 mA ; [75 3001 75 300 
Output regulation 25°C 
Temperature coefficient —55°C to 150°C eee ee eae 
of output voltage 0°C to 125°C 


Output noise voltage __|f = 10 He v9 100 KHz 


V 
mV 
mV 


Freie Te ean sac eRe ere) 


—55°C to 150°C 
V| = —23 V to —35 V : : 
0°C to 125°C 


paerey ie ee —s6cto1soc] 
= Oo 
Sa i Ocrwoic | 


Bias current change 


Short circuit ‘ 
V,=—-30V 25°C 
output current 


tAIlt characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms, duty cycle < 5%). Output voltage changes due to changes 


Peak output current 


in internal temperature must be taken into account separately. 


ee ne 
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TYPES uA79M24M, uA79M24C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M24M, uA79M24C electrical characteristics at specified virtual junction temperature, 
V, = —33 V, Iq = 350 mA (unless otherwise noted) 


uA79M24M 
PARAMETER 
MIN TYP MAX. 


TEST CONDITIONSt 
tput vol —55°C to 150°C | —22. —25. 
my nes Ig = 5 mA to 350 mA, Vj = -27 V to —38 V = “— ~ : 
to 
2 


uA79M24C 
MIN TYP MAX 


UNIT 


| 
| 
Nf] on 
ooh 
N 
| 
N 
oO 
Olt’ 


) 
~J] 
(oe) 

3 


—228 


ere V) =—27 V to 38 V a 

nput re ation 

Prete V) = —28 V to 38 V 1 
—55°C to 150°C 

V) = -28 V to -38 V, Jig = 100 mA - 
0°C to 125°C 

f = 120 Hz 3 

EEC 
Io = 5 mA to 500 mA 75 


Ripple rejection 


~~ 


8 
8 


3 


Output regulation 


Temperature coefficient —55°C to 150°C 
of output voltage 0°C to 125°C 
oO oe 


Output noise voltage | f = 10 Hz to 100 kHz 


3 

< 
= 
3) 


Dropout voltage eae eee ee ee 


_ 
o 
w 
a 


[Biascurrent Pid eC 
—55°C to 150°C 

V| =-27 V to -38 V = 

0°C to 125°C 


—55 C to 150°C 
{ A to 350 mA 
0°C to 125°C 
Short circuit 


Vv) =—-30V 25°C 
output current 


[Peak output curren’ —SSsSC~—~—SCSCSCSCSC‘i CC” 


TAII characteristics are measured with a 2-MF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise 
voltage #.1d ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 


Bias current change 
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SERIES uA79M00 
NEGATIVE-VOLTAGE REGULATORS 


THERMAL INFORMATION 


KC AND KD PACKAGES KC AND KD PACKAGES 
FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVES DISSIPATION DERATING CURVES 


KC (TO-220AB) package 

Derating factor = 250 mwW/c 
above 120°C 

Rejc ¥ 4°C/W 


KC (TO-220AB) package 
Derating factor = 16 mw/c 


KD (TO-202AB) package 
Derating factor = 80 mwW/C 
above 56°C 

Ra jc © 12.5°C/W 


MaximumContinuous Dissipation—W 


KD (TO-202AB) package 
Derating factor = 12 mW/C 
Ro ja © 83.3°C/W 


Maximum Continuous Dissipation—mW 


0 0 
25 50 75 100 125 150 25 50 75 100 125 150 
Ta—Free-Air Temperature—C Tc—Case Temperature 
FIGURE 1 FIGURE 2 
LA PACKAGE FREE-AIR TEMPERATURE LA PACKAGE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


Derating factor = 40 mw/C 


Derating factor 4.8 mW/°C . 
above 25 C 


Roya ~ 210°C/W 


Maximum Continuous Dissipation—W 


Maximum Continuous Dissipation—mW 


0 
25 50 75 100 125 150 0 25 50 75 100 125 150 
Ta—Free-Air Temperature—C Tc—Case Temperature—"C 
FIGURE 3 FIGURE 4 
Printed in U.K. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIA 
iN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBL 


Special Functions 


292 


Device 


SE555 
TL182 
TL185 
TL188 
TL191 
TL440 
TL441 
TL500 
TL502 
TL560 
TL601 
TL604 
TL607 
TL610 
uA733 


SPECIAL FUNCTIONS SELECTION GUIDE 


Description 


Precision Timer 

Twin SPST BI-MOS Analog Switches 

Twin DPST BI-MOS Analog Switch 

Dual Complementary SPST BI-MOS Analog Switch 
Twin Dual Complementary SPST BI-MOS Analog Switch 
Zero Voltage Switch 

Logarithmic Amplifier . 

Analog Processor . 

Digital Panel Meter Logic Device 

Precision Level Detector 

SPDT BI-MOS Analog Switch with Dual AND Inputs . 
Dual Complementary SPST BI-MOS Analog Switch 
SPDT BI-MOS Analog Switch with Enable 

SPDT BI-MOS Analog Switch with Triple AND Inputs 
Differential Video Amplifier . 
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LINEAR TYPES SE555, NE555 
INTEGRATED CIRCUITS PRECISION TIMERS 


BULLETIN NO. DL-S 7612053, SEPTEMBER 1973—REVISED JUNE 1976 


FORMERLY SN52555, SN72555 SOON PORAL UE EECRORE 
: (TOP VIEW) 
e Timing from Microseconds to Hours CONTROL 
DIS- THRES- VOLT- 
e Astable or Monostable Operation VccCHARGEHOLD AGE 


e Adjustable Duty Cycle 


e TTL Compatible Output Can Sink or 
Source up to 200 mA 


e Designed to be Interchangeable with 
Signetics SE555/NE555 


description 


The SE555 and NE555 are monolithic timing circuits 
capable of producing accurate time delays or oscilla- GND TRIG. OUT. RESET 
tion. In the time-delay or monostable mode of opera- GER PUT 

tion, the timed interval is controlled by a single ex- 
ternal resistor and capacitor network. In the astable L PLUG-IN PACKAGE 
mode of operation, the frequency and duty cycle (TOP VIEW) 
may be independently controlled with two external 
resistors and a single external capacitor. 


The threshold and trigger levels are normally two- 
thirds and one-third, respectively, of Vcc. These 
levels can be altered by use of the control voltage 
terminal. When the trigger input falls below the 
trigger level, the flip-flop is set and the output goes 
high. When the threshold input rises above the 
threshold level, the flip-flop is reset and the output 
goes low. The reset input can override all other inputs 


CONTROL 
and can be used to initiate a new timing cycle. When VOLTAGE 


the reset input goes low, the flip-flop is reset and the RESET 
output goes low. When the output is low, a low- 
impedance path is provided between the discharge 
terminal and ground. 


PIN1TIS IN ELECTRICAL 
CONTACT WITH THE CASE 


The output circuit is capable of sinking or sourcing 
current up to 200 milliamperes. Operation is specified 
for supplies of 5 to 15 volts. With a 5-volt supply, 
output levels are compatible with TTL inputs. 


1 H CONTROL 
functional block diagram pee Recriee eee 


THRESHOLD 
OUTPUT 


R 
FLIP-FLOP 


TRIGGER 


GND DISCHARGE 
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TYPES SE555, NE555 
PRECISION TIMERS 


schematic 
(8) 


Vcc 


CONTROL a | FE 


THRESHOLD OUTPUT 
VOLTAGE 
TRIGGER oa APE B=. 
ie - 
_ ie Le | | (*% 
GROUND 
Resistor values shown are nominal and in ohms. 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’ 
Supply voltage, Vcc (seeNote1) ..... Bite, ee oat Se te Seri tne- ads Sete me aU as “Bos 1 
Input voltage Niele ig reset, threshold, trigger: gb Ds Wk et Be en ae te ae ee Vcc 
Outputcurrent ... ne ea SE Se ae ge EOS mA 
Continuous total dissipation at Ge pales 25° C ise: -air Feripersture (ces Nate 2) toe ee ee ew ew ee . 600 mw 
Operating free-air temperature range: SE555 .. 2... 2...) 55°C to 125°C 
NEDSS fe i ee ae ee we ee he SE wa a GA OS TOS 
Storage temperaturerange ... . tee eee ee ee .)6=-65°C to 150°C 
Lead temperature 1/16 inch from case for 60 Scerides JG or HL sackabe a ats Oe. oS Oa 3a ae See A ae ek ac “ BOOCE 
Lead temperature 1/16 inch from case for 10:seconds:P package .......2.2.2.2.2..,.... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 


Input voltage, Vj (contro! voltage, reset, threshold, trigger) 
Guteat Current 1G 


Operating free-air temperature, Ta 
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Control voltage 


(open-circuit) 


Low-level output voltage 


High-level output voltage 


Supply current 


PARAMETER TEST CONDITIONSt 


Initial accuracy of 
Temperature coefficient 
Supply voltage sensitivity 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


Ra = 1k to 100 ka 


Rp = 0 to 100 ka, 


Ta =25°C 
Ta = MIN 
to MAX 

Ta = 25°C 


Ta = 25°C 


TYPES SE555, NE555 
PRECISION TIMERS 


IN TYP MAX 


1.45 9 


4 
1 


ol 
nN 


M 
66.7 
0.1 i 
4.8 5 : 
: 1.67 1. 
0 0.7 1 
9.6 10 10.4 
2.9 3.3 3.8 
3 13.3 


MIN TYP MAX 


30 100 


TEXAS INSTRUMENTS 


electrical characteristics at 25°C free-air temperature, Vcc = 5 V to 15 V (unless otherwise noted) 


MIN 


0.25 0.35 


12.75 


2.75 


NOTE 3: This parameter influences the maximum vaiue of the timing resistors Ra and Rg. For example when Vec = 5 V the maximum 
value is R = Rat+Reg ~ 20 MQ. 


operating characteristics, Vcc = 5 V and 15 V 


MIN TYP MAX 
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TYPES SE555, NE555 
PRECISION TIMERS 


LOW-LEVEL OUTPUT VOLTAGE 
vs 


LOW-LEVEL OUTPUT CURRENT 


Vo_—Low-Level Output Voltage—V 


1 2 4 7 10 20 40 
loL—Low-Leve! Output Current-mA 


FIGURE 2 


DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT 
vs 


HIGH-LEVEL OUTPUT CURRENT 


2.0 eaill 
18 Ut = 
py 
= 16 ' ots +f. Ltt | 
3 es atti) 
5 1.4 3 ~— oe ee! pe 4 
ey 2 — ral 
Bare Tl 
1 aes a 
i “Ceo 
° 08 a Gans on 0 TH 
, 0.6 
: Hill 
0.4 
Voc =5Vto 18 V ill 
CEP alll 
0 af 


1 2 4 7 10 20 40 70100 
1OH—High-Level Output Current—-mA 


FIGURE 5 


NORMALIZED OUTPUT PULSE WIDTH 


(MONOSTABLE OPERATION) 
vs 


SUPPLY VOLTAGE 


Pulse Width Relative to Value at Vcc = 10 V 


Vcc—Supply Voltage—V 


FIGURE 8 


TYPICAL CHARACTERISTICST 


LOW-LEVEL OUTPUT VOLTAGE 


vs 


LOW-LEVEL OUTPUT CURRENT 


Vo_—Low-Level Output Voltage—V 


1 2 4 7 10 20 40 
lor -Low-Level Output Current—mA 


FIGURE 3 


70 100 


SUPPLY CURRENT 
vs 


SUPPLY VOLTAGE 


Icc—Supply Current—mA 


5 6 7 8 ¥ 10 11 12 13 14 15 
Vcc—Supply Voltage—V 


FIGURE 6 


NORMALIZED OUTPUT PULSE WIDTH 


(MONOSTABLE OPERATION) 
vs 


FREE-AIR TEMPERATURE 


1.015 


25°C 


1.010 


1.005 


1.000 


0.995 


0.990 


Pulse Width Relative to Value at TA 


0.985 
-75 -50 -25 0 25 50 75 100 125 


Ta--Free-Air Temperature—°C 


FIGURE 9 


t Data for temperatures below 0°C and above 70°C are applicable for SE555 circuits only. 
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VoL—Low-Level Output Voltage—V 


tw(min)-Minimum Pulse Width—ns 


tpp—Propagation Delay Time—ns 


LOW-LEVEL OUTPUT VOLTAGE 
vs 


2 4 7 10 20 40 70100 


Io Low-Level Output Current-mA 
FIGURE 4 


MINIMUM PULSE WIDTH REQUIRED 
FOR TRIGGERING 


vs 
LOWEST VOLTAGE LEVEL OF 
TRIGGER PULSE 


No load 


0.1xVcc 0.2xVcc 0.3xVcc 0.4xVcc 


Lowest Voltage Level of Trigger Pulse 
FIGURE 7 


PROPAGATION DELAY TIME 
vs 
LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE 


Ta =0°C 


7 ane 


O.1xVcc 0.2xV¢c 0.3xVcc 0.4xVcc 
Lowest Voitage Level of Trigger Pulse 


FIGURE 10 


TYPES SE555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


monostable operation 


Vcc (5 V to 15 V) 


Ra 


RESET Vcc 


OUTPUT OUTPUT 


(2) 


INPUT TRIGGER 


SE555/NE555 
DISCHARGE }- 


(5) |CONTROL 
VOLTAGE 


THRESHOLD 
GND 


FIGURE 11—CIRCUIT FOR MONOSTABLE OPERATION 


Voltage—2 V/div 


ed leslele ales) 
Fen a oa fa 
ee eRe 
Hott dT 


OUTPUT VOLTAGE 


oe se 
Vesey eae tees 


Time—0.1 ms/div 


FIGURE 12—-TYPICAL MONOSTABLE WAVEFORMS 


The SE555 and NE555 may be connected as shown in Figure 11 for monostable operation producing an output pulse 
width independent of the input waveform and controlled by the Ra ° C time constant. Prior to the negative-going 
input pulse, capacitor C is held discharged by transistor Q1 (see schematic). Application of a negative-going input- 
trigger-pulse sets the flip-flop, turns off Q1, and drives the output high. Capacitor C is now charged through Ra 
with a time constant 7 = RAC. When the voltage across capacitor C reaches the threshold voltage of the comparator, 
the flip-flop is reset, energizing Q1 and discharging C; therefore driving the output back to the low level. Figure 12 


shows the actual resultant waveforms. 


Monostable operation is initiated when the negative-going input pulse reaches the trigger level. Once initiated, the 
timing interval will complete even if retriggering occurs during the timing interval. Because of the threshold level and 


saturation voltage of Q1, the output pulse width is 
approximately ty = 1.1 RAC. Figure 13 is a plot of 
the time constant for various values of Ra and C. The 
threshold levels and charge rates are both directly 
proportional to the supplty voltage, Vcc. The timing 
interval is therefore independent of the supply 
voltage, so long as the supply voltage is constant 
during the time interval. 


Applying a _negative-going trigger pulse simul- 
taneously to the reset and trigger terminals during the 
timing interval will discharge C and re-initiate the 
cycle, commencing on the positive edge of the reset 
pulse. The output is held low as long as the reset 
pulse is low. When the reset input is not used, it 
should be connected to Vcc to prevent false 


triggering. 


tw—Output Pulse Width—s 


C—Capacitance—uF 


FIGURE 13—OUTPUT PULSE WIDTH vs CAPACITANCE 
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TYPES SE555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


astable operation 


Vcc (5 V to 15 V) 


SE555/NE555 
DISCHARGE 


OPEN 
(See Note A) 


(5) CONTROL 
VOLTAGE THRESHOLD 


NOTE A: Decoupling the contro! voltage input (pin 5) to 
ground with a capacitor may Improve operation, 
This should be evaluated for individual applications. 


FIGURE 14—CIRCUIT FOR ASTABLE OPERATION 


AVL ANAL AN 
Y/ \V/ V/ V/ | \ 
eae 


FIGURE 15—TYPICAL ASTABLE WAVEFORMS 


Ae 
Bike 
Oo 
c 
a 
2 
34 
< 
S 
4 
f 
ma 


CAPACITOR VOLTAGE 


Time—0.5 ms/div 


Addition of a second resistor, Rg, to the circuit of Figure 11; as shown in Figure 14, and connection of the trigger 
input to the threshold input will cause the SE555/NE555 to self-trigger and run as a multivibrator. The capacitor C will 
charge through Ra and Rep then discharge through Rg only. The duty cycle may be controlled, therefore, by the values 


of Ra and Rg. 


This astable connection results in capacitor C charging and discharging between the threshold-voltage level 
(*0.67°Vcc) and the trigger-voltage level (~0.33-Vcc). As in the monostable circuit, charge and discharge times (and 
therefore the frequency and duty cycle) are independent of the supply voltage. 


Figure 15 shows typical waveforms generated during astable operation. The output high-level duration, th, is calculated 


as: 
th = 0.693 (Ra + Rp)Cc, 
output low-level duration, ty, as: 
t) = 0.693 (Rp)C. 


The total period is T = th + ty and frequency is 


1.44 


ae es 
or = (Ra + 2Rp)C 


1 
f = a 
The frequency of oscillation may be determined by 
referring to the chart shown in Figure 16, which 
relates free-running frequency, f, to the external 
resistors Ra and Rg and the external capacitor C. 
Duty cycle, D, is determined by the values selected for 
Ra and Rg and may be calculated as: 


ee) - ee 
° Ra+RpB 


C--Capacitance—pF 


FIGURE 16—FREE-RUNNING FREQUENCY 
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TYPES SE555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


missing-pulse detector 


Vcc (5 V to 15 V) 


INPUT RESET 


TRIGGER 


SE555/NE555 ” 
DISCHARGE }Z) 


Voltage—2 V/div 


THRESHOLD 


aes 

VAG 
agaaacaaan 
bofee Wperep eee) 


Time—0.1 ms/div 


FIGURE 17—CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 18—MISSING-PULSE-DETECTOR WAVEFORMS 


The circuit shown in Figure 17 may be utilized to detect a missing pulse or abnormally long spacing between consecutive 
pulses in a train of pulses. The timing interval of the monostable circuit is continuously retriggered by the input pulse 
train as long as the pulse spacing is less than the timing interval. A longer pulse spacing, missing pulse, or terminated 
pulse train will permit the timing interval to be completed, thereby generating an output pulse as illustrated in Figure 18. 


frequency divider 


By adjusting the length of the timing cycle, the basic circuit of Figure 11 can be made to operate as a frequency divider. 
Figure 19 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur during the timing 
cycle. , 


mime 
Ane 
RORRES Eee 


Voltage—2 V/div 


OUTPUT VOLTAGE 


lel. nae 
CCA Aa 
ACTA eA 
CO ee 


Time—0.1 ms/div 


FIGURE 19—DIVIDE-BY-THREE CIRCUIT WAVEFORMS 
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TYPES SE555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 
pulse-width modulation 


Vcc (5 V to 15 V) 


' CLOCK 
INPUT 


SE555/NE555 
DISCHARGE 


MODULATION 
INPUT 
(See Note A) 


ia 
cs 
i 
Ez 
he 
il 
i 
a 


(5) |CONT ROL 
THRESHOLD 


NOTE A: The modulating signal may be direct or capaci- 
i j CAPACITOR VOLTAGE 
oe ee ene ae 
voitage and impedance on the bias of the Time—0.5 ms/div 
SE555/NE555 should be considered. 
FIGURE 20—CIRCUIT FOR PULSE-WIDTH MODULATION FIGURE 21—PULSE-WIDTH-MODULATION WAVEFORMS 
The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is 
accomplished by applying an external voltage (or current) to the control voltage pin. Figure 20 is a circuit for 
pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the threshold voltage 
is modulated by a control signal. The resultant effect is a modulation of the output pulse width, as shown in Figure 21. 
A sine-wave modulation signal is illustrated, but any wave-shape could be used. 


pulse-position modulation 


Vcc (5 V to 15 V) 


SE555/NE555 
DISCHARGE 


WE 


| 
imal 


MODULATION _(5) |CONTROL 
INPUT 


VOLTAGE 
(See Note A) 


NOTE A: The modulating signal may be direct or capaci- 
tively coupled to the control voltage terminal. For 


direct coupling, the effects of modulation source ca datas eee 


voltage and impedance on the bias of the Time—0.1 ms/div 
SE555/NE555 should be considered. 
FIGURE 22—CIRCUIT FOR PULSE-POSITION MODULATION FIGURE 23—PULSE POSITION-MODULATION WAVEFORMS 


The SE555/NE555 may be used as a pulse-position modulator as shown in Figure 22. In this application, the threshold 
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 23 shows such a circuit, with a 
triangular-wave modulation signal, however, any modulating wave-shape could be used. 
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TYPES SE555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 
sequential timer 


Vcc 


RESET Vcc 


OUTPUT 


TRIGGER 


SE555/NE555 
DISCHARGE 


(5) JCONTROL 
VOLTAGE THRES. 
HOLD 


SE555/NE555 
DISCHARGE 


5) JCONTROL 
VOLTAGE THRES- 
HOLD 


GND GND 


Ca = 10 uF Cc = 14.7 uF 
Ra = 100 kn Rc = 100 kQ 
OUTPUTA Cp=4.7uF OUTPUT B OUTPUT C 
S closes momentarily at t = 0. Rg = 100 kQ 


FIGURE 24—SEQUENTIAL TIMER CIRCUIT 


Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such 
as test equipment require activation of test signals in sequence. SE555/NE555 circuits may be connected to provide 
such sequential control. The timers may be used in various combinations of astable or monostable circuit connections, 
with or without modulation, for extremely flexible waveform control. Figure 24 illustrates a sequencer circuit with 
possible applications in many systems and Figure 25 shows the output waveforms. 


Voltage—5 V/div 


t—Time—1 s/div 


FIGURE 25—SEQUENTIAL TIMER WAVEFORMS 
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LINEAR TYPES TL182M, TL1821, TL182C 
INTEGRATED TWIN SPST BI-MOS ANALOG SWITCHES 
CIRC U iTS BULLETIN NO, DL-S 7612416, JUNE 1976 


e Functionally Interchangeable with Siliconix e JFET Inputs 


DG182 with Same Terminal Assignments e Uniform On-State Resistance for Minimum 


e Monolithic Construction Signal Distortion 
e Adjustable Reference Voltage e +10-V Analog Voltage Range 


e TTL, MOS, and CMOS Logic Control 
Compatibility 


description 


The TL182 is a twin, monolithic, high-speed SPST : 

analog switch constructed using BI-MOS technology. PLUG-IN PACKAGE (TOP VIEW) 
Each half consists of a JFET-input buffer, level 
translator, and output JFET switch. 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). The 
input threshold is related to the reference input by 
the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 
Vref + 1.4 V. 


All leads are electrically Insutated from case. 
The output switches are junction field-effect transis- 
tors featuring low on-state resistance and high off- 
state resistance. The monolithic structure ensures 


uniform matching. N 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


BI-MOS technology is a major breakthrough in linear 2S 2D NC NC 2A VEE Vref 
integrated circuit processing. BI-MOS has ion im- 
planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. BI-MOS 
allows circuit designs that previously have been 
available only as expensive hybrids to be monolithic. 


For the TL182, a low level at the input turns the 
switch on. 


The TL182M is characterized for operation over the 1D NC NC 1A Veo VEL 
full military temperature range of —55°C to 125°C, 
the TL182I is characterized for operation from 
—25°C to 85°C, and the TL182C from 0°C to 70°C. 


NC—No internal connection 
Switch positions shown are A inputs low. 
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on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 


TYPES TL182M, TL1821, TLI82C 
TWIN SPST BI-MOS ANALOG SWITCHES 


functional diagram 


1D 18 


FUNCTION TABLE 
(EACH HALF) 


t 
1A —{ }>-4 SWITCH 
SWITCH POSITIONS 


SHOWN ARE FOR 
A INPUTS LOW ON (CLOSED) 
ah _ OFF (OPEN) 


2D 2S 


-——.J 


schematic (each channel) 


| TO OTHER HALF 


ae : 
Pas 


Ie 
) 


il TO OTHER HALF 


Vv 


Vee ref 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, Voc— Vee . . . . we ee ee ee ee ee ee) 68BV 
Positive supply voltage to either drain, VCC -Vp ...... ee ee ee ee ee) 683 
Drain to negative supply voltage, VD —-VEE . . . 1. ee ee ee ee ee ee ee e683 
Drain to source voltage, VD —VS ww ww wk ee ee ee ke ee ee  £22V 
Logic supply to negative supply voltage, VLL— VEE .......... 2... 2.8 2... 2. . . 36V 
Logic supply to logic input voltage, VLL —Vy «ww ww ee ke ee ew 683M 
Logic supply to reference voltage, VLL — Vref . - 6. ee ee ee ee ee ee ee) 683 
Logic input to reference voltage, Vj — Vref tn Ae Da PN aS Se ee a oe eS a Ge ev ho ok a ey HG ~ 
Reference to negative supply voltage, Vref -VEE . . ww we ee ke ee ee 627 
Reference to logic input voltage, Vref — V} Ae! “oh goa Arad bes Be eas ae es Mat nad a nak Se che one, 
Current (any terminal) ao Ss ee Fe ie ee Ue, ee a Se i ee eta A YE eae he ee haa 4b 30 mA 
Continuous dissipation at (or below) 25°C free-air temperature: N package ....... . . . . 1150 mW 
L package (see Note 1) toe ew ew ee). 625 MW 

Operating free-air temperature range: TL182M .................. 4. 4 . —55°C to 125°C 
WEI82° be 4 got we Se ee A a oa £25 61685 C 

TEAS26 46 & a, G Boe bre, ee le & 2 Ww eed a ee Ste 70-6 

Lead temperature 1/16 inch from case for 60 seconds: Lpackage ..........2.2.2. 2.8484 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Npackage ........2.2.2.2.2.2.+4.2.. . 260°C 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2. 
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TYPES TL182M, TL1821, TL182C 
TWIN SPST BI-MOS ANALOG SWITCHES 


electrical characteristics, VCC = 15 V, VEE = —15 V, VLL =5 V, Vref = 0 V (unless otherwise noted) 


TEST CONDITIONS 


WH High-level control input current} V; =5 V 
Mh 


Low-level control input current|V, =O V 


Veco =10V, 
Vec = 15 V, 
IS(off) Off-state source current Voc =10V, 


ID(off) Off-state drain current 


Ta 
TA 


rr On-state channel Vp =—-10V,Vg=-10V, [Ta = 25 C 
Dion)*!S(on) jeakage current Vv} =0.8V Ta = MAX 


Drain-to-source on-state Vp = —-10 V,Is = 1 mA, Ta = MIN to 25°C 

i: 

sion) resistance V,; =08V Ta = MAX 

Icc Supply current from Vcc 

| Supply current from V 5 

EE ail EE Both control inputs atO V, Ta =25 C 

TEL Supply current from Vic | 48] 

iret Reference current 
icc Supply current from Voc ET) 
{ Supply current from V 4 

ae a EE Both control inputs at 5 V, Ta = 25°C 

lee Supply current from Vi_ 

lret Reference current 


PARAMETER 


toff Turn-off time 


PARAMETER MEASUREMENT INFORMATION 
te << 10 ns t, < 10 ns 


O OUTPUT INPUTA 


= Vref =O VeEE=—-I5V 
C,_ includes probe and jig capacitance. OUTPUT 
TEST CIRCUIT 
Vs = 3 V for ton and —3 V for tog¢. 
R VOLTAGE WAVEFORMS 
Vo=Vs 
Ri + rpsi(on) 


Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trailing 
edges of the output waveform. 


FIGURE 1 
Printed in U.K. 
Ti cannot assume any responsibility for any circuits shown 
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LINEAR TYPES TLI85M, TL1851, TLI85C 


INTEGRATED TWIN DPST BI-MOS ANALOG SWITCHES 
CIRCUITS BULLETIN NO, OL-S7612417, JUNE 1976 


e Functionally Interchangeable with Siliconix e JFET Inputs 
DG185 with Same Terminal Assignments ; 


e Uniform On-State Resistance for Minimum 
e Monolithic Construction Signal Distortion 


e Adjustable Reference Voltage e +10-V Analog Voltage Range 


r TTL, MOS, and CMOS Logic Control 
Compatibility 


description 


The TL185 is a twin, monolithic, high-speed DPST 
analog switch constructed using BI-MOS technology. - 
Each half consists of a JFET-input buffer, level 
translator, and two output JFET — switches. 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). JORN 
The input threshold:is related to the reference input DUAL-IN-LINE PACKAGE (TOP VIEW) 
by the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 
Vref t 1.4Y. . 


The output switches are junction field-effect tran- 
sistors featuring low on-state resistance and high 
off-state resistance. The monolithic structure ensures 
uniform matching. . 


BI-MOS technology is a major breakthrough in linear 
integrated circuit processing. B!-MOS has ion im- 
‘planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. BI-MOS NG = Nelmecn sl oonnge an 

allows circuit designs that previously have been avail- Sen E els one srowenares roc ey IO purer ey: 
able only as expensive hybrids to be monolithic. 


For the TL185, a high level at Ahe input turns the 
switches on. 

The TL185M is characterized for operation over the 
full military temperature range of —55°C to 125°C, 
the TL185I is characterized for operation from 
—25°C to 85°C, and the TL185C from O°C to 70°C. 


TENTATIVE DATA SHEET 
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ona product in the developmenta! stage. Texas 
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discontinue this product without notice. 


| TYPES TLI85M, TL1851, TLI85C 
TWIN DPST BI-MOS ANALOG SWITCHES 


functional diagram 


| 
l ; 
1D2 | | 2D2 
i SWITCH POSITIONS 
182 282 SHOWN ARE FOR A 
i A INPUTS HIGH L 


TO OTHER HALF 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, Vcc — VEE 

Positive supply voltage to either drain, Vcc — Vp 

Drain to negative supply voltage, Vp — VEE 

Drain to source voltage, Vp — Vs gape teh tes ke 

Logic supply to negative supply voltage, VLL — VEE 

Logic supply to logic input voltage, VLL — V| 

Logic supply to reference voltage, VLL — Vref 

Logic input to reference voltage, V| — Vref 

Reference to negative supply voltage, Vref — VEE 

Reference to logic input voltage, Vref — VI 

Current (any terminal) ede. ea ea ee Ad ce es ee 
Continuous dissipation at (or below) 25°C free-air temperature: N package . . 


Operating free-air temperature range: TL185M 
TL1851 
TL185C eae we 

Lead temperature 1/16 inch from case for 60 seconds: J package 

Lead temperature 1/16 inch from case for 10 seconds: N package 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2, 


SWITCHES 
$1 AND S2 


OFF (OPEN) 
H ON (CLOSED) 


J package (see Note 1). 


FUNCTION TABLE 


36 V 

33 V 

33 V 

. +22V 
36 V 

33 V 

33 V 

33 V 

27 V 
2V 

30 mA 
1150 mw 
1025 mW 


. —55°C to 125°C 


—25°C to 85°C 
0°C to 70°C 

. 300°C 

. 260°C 
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TYPES TLI85M, TL185!, TLI85C 
TWIN DPST BI-MOS ANALOG SWITCHES 


electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


VIH High-level control input voltage Ta = MIN to MAX 


TL185M TL185! 
MIN MAX/IMIN MAX 

Vreft2 
Vreft0.8 Vreft0.8 Vreft0.8 


VIL Low-level control input voltage Ta = MIN to MAX 


: Ta = 25°C 
1H High-level control input current] Vj =5 V — 
lit Low-level control input current} Vy =0 V Ta = MIN to MAX 


Veco =15V, {Ta = 25 C 

ID(off) Off-state drain current Voo= 10 V TT, = 25°C 
3 

Veco = 15 V, |Tp~ = 25°C 
: 

Vec=10V, [Ta = 25°C 
: 

iaaicras On-state, channel Ta = 25°C 
leakage current Vipz2V = 


Drain-to-source on-state Vp =-10V,Ig=1mA, |Ta =MIN to 25°C 


IS(off) Off-state source current 


4 4 4 4 4 
> > > > > 
= = Ss <= = 
> > > > > 
x x x x x 


| NOt <= 
nN = lo} io) 


+ 
> 
s 
> 
=< 


r 
DS(on) resistance Vjz2V Ta = MAX 250 
lcc Supply current from Vcc 


Both control inputs atOV, Ta = 25°C 


Both control inputs at5 V, Ta = 25°C 


7] I 
Nn omln 


TL185M | TL185! TL185C 
PARAMETER TEST CONDITIONS | TL 185C | 


- Ri, = 300 2, Cy = 30 pF, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


t, < 10 ns ty < 10 ns 


OUTPUT 


Vv 


ref = 0 Vee=—-15V 


C, indiudes probe and jig capacitance. 
TEST CIRCUIT VOLTAGE WAVEFORMS 
Re 
Vs=3V for ton and —3 V for toff.§ VQ =VS - 
me . : Ri + FpS(on) 


Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail- 
ing edges of the output waveform. 


FIGURE 1 
Printed in U.K. 
Ti cannot assume any responsibility for any circuits shown 
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LINEAR | TYPES TLI88M, TL1881, TL188C 
DUAL COMPLEMENTARY SPST 
INTEGRATED CIRCUITS BI-MOS ANALOG SWITCHES 


BULLETIN NO. DL-S 7612418, JUNE 1976 


e Functionally Interchangeable with Siliconix e JFET Inputs 


DG186 with Sama Terminal Assignments e Uniform On-State Resistance for Minimum 


e Monolithic Construction Signal Distortion 
e Adjustable Reference Voltage e +10-V Analog Voltage Range 
e TTL, MOS, and CMOS Logic Control 
description Compatibility 
The TL188 is a monolithic, high-speed dual compli- 
mentary SPST switch constructed using BI-MOS L 
technology. It consists of a JFET-input buffer, PLUG-IN PACKAGE (TOP VIEW) 


level translator, and two output JFET switches 
that can easily be connected in SPDT configuration. 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). 
The input threshold is related to the reference input 
by the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
biploar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 


Vref + 1.4V. 
The output switches are junction field-effect tran- ALL LEADS ARE 
sistors featuring low on-state resistance and high off- ELECTRICALLY INSULATED FROM THE CASE 


state resistance. The monolithic structure ensures 


uniform matching. " 


ec DUAL-IN-LINE PACKAGE (TOP VIEW) 
BI-MOS technology is a major breakthrough in linear 


integrated circuit processing. BI-MOS has ion-im- 
planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. BI-MOS 
allows circuit designs that previously have been avail- 
able only as expensive hybrids to be monolithic. 


NC D2 


For the TL188, a high level at the input turns switch 
$1 on and S2 off. 


The TL188M is characterized for operation over the 
full military temperature range of —55°C to 125°C, 
the TL1881 is characterized for operation from 
—25°C to 85°C, and the TL188C from 0°C to 70°C. 


NC—No internal connection 
Switch positions shown are for input A high. 
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on a new product. Texas Instruments reserves 
the right to change specifications for this 
product in any manner without notice. 


TYPES TL188M, TL1881, TL188C 
DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 


functional diagram 


D1 
FUNCTION TABLE 
SWITCH POSITIONS INPUT SWITCHES 
S1 SHOWN ARE FOR 
INPUT A-BIGH OFF orem ON ccaeED 
, ! ON (CLOSED) OFF (OPEN) 
A 4 
schematic 
VEL Vcc 
= aaa ae bs 


Pe 
D1 
[ee 
eee 
a 
r 


VEE Vref 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, Vcc_ Veep...) ee ee ee ee ee ee BBV 
Positive supply voltage to either drain, Vcc -VD . «ww ww ke ee ee ee ek ee ee ee 683 
Drain to negative supply voltage, VD —-VEE ..... ee ee ee ee ee ee ee ek ee ee) 6833 
Drain to source voltage, VD -VS ..... bees ies “Mt wa? Bi dk ode “ei Ae eg? es te at MK ate, ce ts SLA 
Logic supply to negative supply voltage, VLL — Wee Ge tas Bs “ay ee. VEY get a oe!) ae eet BO ae att gs Sah ele HE Gh. SO, 
Logic supply to logic input voltage, VLL — V] ey ls Hoe tela es eg ae age ah: AY Sag ans) ag ae cae oe SP ae AR ee, Gav OE 
Logic supply to reference voltage, VLL — Vref «2 6 ee ee ee ee ke ee ee ee 68BV 
Logic input to.reference voltage, Vj — Vref Oe ee ae a ee 4 
Reference to negative supply voltage, Vref -VEE . . 1... we ee ee ee ee ee ee ee ee ew 27M 
Reference to logic input voltage, Vref — V} sie ar are A Bin Neel Shay seg the GS. Bee Bo gh: aire am iO ae ee cae WPA he ge eB 2V 
Current (any terminal) . . . . ae oe 6, See By Re cate es. BOA 
Continuous dissipation at (or below! 25° Cc es -air oniperature: N package. mda: Me Soke ee ew ee 4150 mW 
L package (see Note 1) bee ae 625 mW 

Operating free-air temperature range: TLI88M ............. 2. 6.44.4. 4. . . —§5°C to 125°C 
PLISSE: ye, sepa one Ge ee a Sp eS ee SC teree C 

. PEIBBE: 3.55 ct? aot SB Oe: ts dg ss ee Ue we ee - DO HOT O'S 

Lead temperature 1/16 inch from case for G0 seconds: L package . .....: ...2.2.4.2.4.2. 4... . 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package ........2.2.2.2. 2.2.2.4. . . 260°C 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2. 
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TYPES TLi88M, TL1881, TLI88C 
DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 


electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL =5 V, Vref = 0 V (unless otherwise noted) 


Vreft2 
ref—0.8} Vre¢—0.8 


TL1881 


< 
+ 


Le gr bee ie 


10 
20 


= -15 V[T,~ = MAX 


IDioff) Off-state drain current 


SS 
</2%@ |35 
+ 
Niz 
> 
x 


NO = 


100 
IS(off) Off-state source current 


On-state channe! 


| 700 
tiene 
| 100 

~200 —200 


ID(on)t!S(on) 


>) 3 
ata 


leakage current —20 


Drain-to-source on-state Vp = -10V,I5 = 1 mA, 


ViH=2V, Vit =O08V 


2 | 


r 
DS(on) resistance 


lec Supply current from Vcc 


switching characteristics, Vcc = 10 V, VEE = —20 V, VLL =5 V, Vref = OV, Ta = 25°C 


TL188M | TL188I 
PARAMETER TEST CONDITIONS a 


t Turn-on time 175 175 
eT tee ee La 


YP 
toff Turn-off time 350 350 


Both control inputs atO V, Ta = 25°C 


—2 —2 


Both control inputs at 5 V, Ta = 25°C 


| 
N 


—2 


eee | 
> > 


| 
N 


TL188C 
TYP 
175 
350 


Cc 
< 
+ 


PARAMETER MEASUREMENT INFORMATION 
Vit=5V Vec=I5V 


te < 10 ns 


/ 


t¢< 10 ns 


x 


OUTPUT 


Vs INPUT A 
C, = 30pF ' Senn -ff—- | Ov 
ton —+-— Pi 
—----— +—-3---l-----—-3v 
0.9 Vo Vol 


= Vret = 0 Veg=-15V 


OUTPUT | 
Cy includes probe and jig capacitance. 
TEST. CIRCUIT 
Vs= 3 V for ton and —3 V for tog¢. 


Rv 
= V ee ae 
> Ri + rpS(on) 


Input A: Solid for testing S1, dashed for testing S2. 


VOLTAGE WAVEFORMS 
Vois the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail- 


Vo 


ing edges of the output waveform. FIGURE 1 
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Functionally Interchangeable with Siliconix 
DG191 with Same Terminal Assignments 


Monolithic Construction 


Adjustable Reference Voltage 


description 


Each TL191 consists of two monolithic, high-speed 
dual complimentary SPST analog switches con- 
structed using BI-MOS technology. Each half consists 
of a JFET-input ouffer, level translator, and two 
output JFET switches that can easily be connect- 
ed in SPDT configuration. 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). The 
input threshold is related to the reference input by 
the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 
Vref + 1.4V. 


The output switches are junction field-effect tran- 
sistors featuring low on-state resistance and high off- 
state resistance. The monolithic structure ensures 
uniform matching. 


BI-MOS technology is a major breakthrough in linear 
integrated circuit processing. BI-MOS has ion im- 
planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. BI-MOS 
allows circuit designs that previously have been avail- 
able only as expensive hybrids to be monolithic. 


For the TL191, a high level at the input turns switch- 
es S1 on and S2 off. 


The TL191 is characterized for operation over the 
full military temperature range of —55°C to 125°C, 
the TL191! is characterized for operation from 
—25°C to 85°C, and the TL191 from O°C to 70°C. 


JFET Inputs 


Uniform On-State Resistance for Minimum 
Signal Distortion 


+10-V Analog Voltage Range 


TTL, MOS, and CMOS Logic Control 
Compatibility 


JorN 
DUAL.-IN-LINE PACKAGE (TOP VIEW) 


14 Vee Vref Vit Veco 2A 


NC—No internal connection 
Switch positions shown are for A inputs high. 


TENTATIVE DATA SHEET 


TEXAS INST RUM EN TS This document provides tentative information 


on a new product. Texas Instruments reserves 
the right to change specifications for this 
product in any manner without notice. 


TYPES TLI91M, TL191I, TL191C 
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 


functional diagram FUNCTION TABLE 


181 281 (EACH HALF) 
een SWITCHES 
1D1 201 
J 

{ ; OFF (OPEN) ON meee 
1D2———d | | &——202 ON (CLOSED) OF F (OPEN) 

( ' 

1 t 
182 : 282 SWITCH POSITIONS 

. J SHOWN ARE FOR 

amrmaiats aM een eas A INPUTS HIGH 


schematic 


TO OTHER HALF 


TO OTHER HALF 


Vee Vref 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, Vcc — VEE 36 V 
Positive supply voltage to either drain, Vcc — Vp 33 V 
Drain to negative supply voltage, Vp — VEE » -33°V 
Drain to source voltage, Vp — Vs . t22V 
Logic supply to negative supply voltage, Wie: VEE 36 V 
Logic supply to logic input voltage, VLL — Vj 33 V 
Logic supply to reference voltage, VLL — Vref 33 V 
Logic input to reference voltage, Vj — Vref 33 V 
Reference to negative supply voltage, Vref — VEE 27 V 
Reference to logic input voltage, Vref — V1 2V 
Current (any terminal) 7 30 mA 
Continuous dissipation at (or below) 25° c ee -air ‘aenaperature: N package: : 1150 mW 

J package (see Note 1) . 1025 mW 


. —55°C to 125°C 


Operating free-air temperature range: TL191M 
TL1911 —25°C to 85°C 
TL191C eg O°C to 70°C 
Lead temperature 1/16 inch from case for 60 seconds: J package . 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package . 260°C 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2. 


SSG if a er eeeneeeneeee, 
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TYPES TLI91M, TLI91I, TLISIC 
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 


electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 


TL1911 TL191C 


TL191M 


PARAMETER TEST CONDITIONS MIN MAX| UNIT 
Vi High-level contro! input voltage Ve ee | Ta = MIN to MAX] Vreft2 Vreft2 
VIL Low-level control input voltage vere Ta =MINto MAX] Vreft0.8] Vref t0.8 Vreft0.8] V 


NPM 


NH High-level control input current }V) =5 V = ae 
IL 


| 
| Low-level control input current Ta=MINtoMAX}| — —250] 
Vp =10V, Vcc =15V, |Ta= 25°C aa 


5 = 
> 


ala 
> |> 
2/5 
ae) 


Vs = -10 V,|Veg = —15 V| Ta = MAX 


Vin =2V, [Voc =10V, [Ta = 25°C 
Ta = MAX 


ID(off) Off-state drain current 


Ss 
=) 
oe 
< 
< 

m 

m 

t 

| 
N 
os) 
< 

i] 


3 
> 


3 =] 
a] 3 | 


| 
N 
=) 
So 


Vp =-10 VIVcc = 15 V, [Ta = 25°C 


Vg=10V, Veg =—15 V]Ta = MAX | 100] 


Is(off) Off-state source current 


Vin =2V, Wec=10V, [Ta = 25°C 
Vit = 08 V |VeE = —20 Vj Ta = MAX 


| __ 100 
ae 
| __100 | 
Vp = —10 V,Vs =—10 V, [Ta = 25°C a) 
| 150, 


On-state channel! 


iu 
°o 


\ +4 
Dion) "'S(0n) jeakage current Vin=2V, Vit =0.8V [Ta = MAX —200 


seit Drain-to-source on-state Ta = MIN to 25 C 
resistance Vin=2V, Vit=08V_ [Ta = MAX 


switching characteristics, VCC = 10 V, VEE = —20V, VLL=5V, Vref =O V, TA = 25°C 


TL191M | TL1911 | TL191C 
PARAMETER TEST CONDITIONS | TL19it 
TYP 


7 7 
= Ry = 3009, Cy = 30 pF, See Figure 1 75 175 
toff Turn-off time ae oe 


PARAMETER MEASUREMENT INFORMATION 


t¢ < 10 ns tp < 10 ns 


/ 


w 
{ rio 
nN opoO 

w 

oO 
Heel 
ga 


Both control inputs atO V, Ta = 25°C 


Bott: control inputs at 5 V, Ta = 25°C 


| 


| 
Ee 
> 


< 
a] 


Cc 
< 
- 


VLL=5V Vec=15V 


OUTPUT 
= Vref = 0 VegE=-15V 
C,_ includes probe and jig capacitance. 


TEST CIRCUIT ; 
Vs= 3 V for ton and —3 V for loff- es as es Bee ey ae yt gg hn, int 
ie Rr Input A: Solid for testing S1, dashed for testing S2. 
vo= VSR ¥ tDSion) VOLTAGE WAVEFORMS 
Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail- 
ing edges of the output waveform. FIGURE 1 
Printed in U.K. 
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LINEAR TYPE TL440C 
INTEGRATED CIRCUITS ZERO-VOLTAGE SWITCH 


BULLETIN NO. OL-S 7611595, MAY 1972—REVISED JUNE 1976 


FORMERLY SN72440 


e Differential Amplifier Inputs e Internal Active Elements of Saw-Tooth 


© AC Line Operation Generator for Proportional Control 


e Capable of Triggering Several e Wide Variety of Possible Connections of ° 
Types of Triacs Input Section and of Output Section 
description JORN 


; . DUAL-IN-LINE PACKAGE (TOP VIEW) 
The TL440 is a combination threshold detector ur 
SENSOR . 


and zero-crossing trigger, intended primarily for a-c NC INPUT Viret) VOA PUT Rihigh) Ritow) 
power-control circuits. It allows a triac or SCR to be 
fired when the a-c input signal crosses through zero 
volts, thereby minimizing undesirable electromagnetic 
interference. In this manner, the load utilizes full 
cycles of line voltage as opposed to partial cycles 
typical with SCR phase-control power circuits. 


The circuit includes a zero-voltage detector, a differ- 
ential amplifier that may be used in conjuction with a 
resistance bridge to sense the parameter being con- 


AC/DC AC ODET OC INHIBIT S.T 


trolled, the active elements of a saw-tooth generator, INPUT COM INPUT COM GEN GEN 
and an output section. Also included are resistors a Ae areal 
which may be used as a voltage divider for the NC—No internal connection. 


reference side of the resistance bridge. An external sensor suitable for the application and an external potentiometer 
form the input side of the resistance bridge. 


The TL440 can be used either as an on-off contro! with or without hysteresis, or as a proportional control with ‘the 
use of the internal saw-tooth generator. Although the principal application of this device is in temperature control, it 
can be used for many power control applications such as a photosensistive control, voltage level sensor, a-c lamp flasher, 
small relay driver, or a miniature lamp driver. 


The inhibit function prevents any output pulses from occurring when the applied voltage at the inhibit input is 
typically 1 volt or greater. Conversely, if the inhibit input is shorted to dc common, an output pulse will be obtained 
for each zero-crossing of the a-c power input waveform regardless of the sensor input conditions. 


The TL440C is characterized for operation from O°C to 70°C. 


schematic 


SAW TOOTH 
GENERATOR 
Voat AC COMMON INPUT 


ZERO DETECTOR 
INPUT 


SENSOR INPUT (33) 


Viret) (2) 15k 


INHIBIT (5) 
pc common (4) 


output (10) | (9) Rihigh) 


Ritow) SAW TOOTH 
GENERATOR 
OUTPUT 
Resistor values shown are nominal and in ohms. 


tPin 11 is usually connected to the AC/DC input, pin 1, unless a control circuit requiring hysteresis is desired. See Figure 4. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 


A 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage applied to AC/DC input (See Note 1) cis bec ie. tps GP ain thas tat, So GS, Re wee Oe Pee GS, 
Peak current into AC/DC input 2. 6 6 1 40 mA 
Peak current into zero-detector input 2... 1 ww ee 30 mA 
Peak output sink current (See Note 2) Bee bn ye Be oe oe Ao ah a! ole cal ah Mt he, Oe ees atom oe. car, Ben Sheet “ZODAMA 
Continuous total power dissipation at (or below) 70°C free-air temperaturerange . . ....... . . 500mW 
Operating free-air temperature range. ww ee 0°C to 70°C 
Storage temperature range 6. 6 ee —65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: Jpackage ©... / ee ee ee ee 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . 1. 6 ee ee ee ee es 260°C 


NOTES: 1. Voltage values are with respect to the dc common terminal unless otherwise specified. 
2. This value applies for a maximum pulse width of 400 us and for a maximum duty cycle of 2%. 


recommended operating conditions 


Voltage at sensor or Vref) input, V13 or V42 


Peak output current (See Note 4) 


Output pulse width 


Operating free-air temperature, Tp 


NOTES: 3. This is the recommended d-c supply voltage when the voltage across pins 1 and 4 is not being maintained by charging en 
electrolytic capacitor from the line voltage. See typical application data. 
4. This value applies for ty, < 400 us, duty cycle < 2%. 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Voltage required at inhibit input to inhibit output 1 
Fcurrentinosensorit SS SSSCS~S~C Vigna [8 | 
[cawrentinto Vieinput SS Vag Vo 
[Carvent into inhibit terminal required toinhibitoutput———SSSSC~sSS 
Output current (inhibited) 


25 kQ connected to zero- 


detector input, 


Output pulse width into resistive load 
60-Hz power source 


Voltage at AC/DC input(See Note 5) 


NOTE 5: This is the voltage across an electrolytic capacitor connected between pins 1 and 4 whose charge is maintained by the a-c line voltage. 
See Figures 1 and 3. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 


TYPICAL APPLICATION DATA 


The circuit shown in Figure 1 provides on-off temperature control. Electrolytic capacitor C1 maintains the d-c 
operating voltage. Since the series combination of D5 and D6 is in parallel with the series combination of C1 and D7, 
the voltage developed across C1 is limited to approximately 12 V. Because the energy to fire the triac comes from C1, 
the voltage across pins 1 and 4 will fluctuate as the triac fires. If a more stable operation of the circuit is desired, a 
12-volt d-c supply should be connected between pins 1 and 4 in lieu of C1. The temperature sensor must havea 
negative coefficient in this circuit. 


During most of the a-c cycle, Q1 is turned on by the current flow through either D1, Q1, D4 or D2, Q1, D3, depending 
on the polarity of the a-c voltage between pins 1 and 3. The collector current of Q1 turns on Q6. With Q6 on, base 
drive to Q7 and Q8is inhibited, resulting in no output pulse to fire the triac. When the a-c voltage crosses zero, Q1 and 
Q6 are turned off. This enables Q7 and Q8 to turn on, thereby connecting d-c common to the triac trigger and firing the. 
triac. This one output pulse per zero crossing is either inhibited or permitted by the action of the differential amplifier 
and resistance bridge circuit. 


As the controlled temperature begins to rise, the positive voltage applied to pin 13 increases. The differential control 
amplifier acts to lower the potential of the base of Q1 enough to allow Q1 to stay on for the complete cycle, thus 


inhibiting the output pulses as explained above. Similarly when the temperature being controlled falls, Q1 is allowed to 
turn off during the intervals where the line voltage passes through zero, thus generating output pulses. 


The width of the output pulse at pin 10 can be varied to suit the triggering characteristics of the triac to be used. Table 
| shows the output pulse lengths obtained as R20 is changed. For small load currents (less than 4-5 amps) a triac with 
high gate sensitivity may be required due to the high value of “‘latch-up”’ current of medium to high power triacs. 


TABLE | 
OUTPUT 
PULSE 
WIDTH 


Ska | 100 ps | 
[22k | 150 us | 
[a2 ko | 300 us | 


HEATER 
LOAD 


R4 
10kQ 
R310 k2 


10 kx 
R5 25 2 


R(trigger)t 


FIGURE 1—ON-OFF HEATER CONTROL 


t R( trigger) is adjusted so that the peak output is less than 200 mA. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 


TYPICAL APPLICATION DATA 


The circuit shown in Figure 3 provides proportional control of a heating system. With the exception of the saw-tooth 


generator, the circuit of Figure 3 functions the same as that of Figure 1. The sensor of Figure 3 has a negative 
temperature coefficient. 


Transistors Q9 and Q10 are connected to function as an SCR in order to discharge external capacitor C2 very quickly. 
The time constant of the saw-tooth generator can be varied by changing either the external capacitor or the external 
resistor. However it is suggested that the capacitor be varied and not the resistor since too low a value of resistance 
would allow Q9 and Q10 to stay on continuously. The period of the saw-tooth generator is usually 10 to 100 times the 
period of the line voltage. 


At the start of the saw-tooth waveform the base of Q1 is high and output pulses occur at pin 10. At the desired 
temperature a certain number of output pulses occur during each saw-tooth cycle as shown in Figure 2(a). At a slightly 
decreased temperature the resistance of the sensor increases, lowering the d-c potential of pin 13. This lowers the 
potential of the entire saw-tooth waveform as shown in Figure 2(b) which causes a few more output pulses to occur. At 
greatly decreased temperatures many more pulses occur each saw-tooth cycle as shown in Figure 2(c). 


re) - 6] Q10N a re) 
wie - - 
c £ c 
a a a 
c « 5 c 
ro) ro) ro) 
3 rs 3 
A 2 e 
A 54 5 
e 4 = 
° [e} [o} 
a a a 


WwW 


o~w~ N 


Output Output Output 
Pulses Pulses Pulses 


Time ——#» Time ———»> Time ——» 
(a) (b) (c) 
DESIRED TEMPERATURE SLIGHTLY DECREASED TEMPERATURE GREATLY DECREASED TEMPERATURE 
FIGURE 2 


Similiarly, increases in temperature cause proportionately fewer output pulses than the normal number of Figure 2(a). 
Thus the proportional contro! feature allows a smoother control of temperature in this application by always providing 


output pulses during some portion of the saw-tooth generator cycle as opposed to the “full on/full off” circuit of 
Figure 1. 


HEATER 
LOAD 


R31 ks 


FIGURE 3—PROPORTIONAL HEATER CONTROL 


TRitrigger) is adjusted so that the peak output is less than 200 mA. 


TEXAS INSTRUMENTS 


TYPE TL440C 
ZERO-VOLTAGE SWITCH 


TYPICAL APPLICATION DATA 


Hysteresis may be added to the TL440 by externally making the differential amplifier appear in Schmitt-trigger 
configuration. This is done by applying positive feedback from pin 11 to pin 13 through hysteresis resistors Ra and Ry. 
When the output is enabled, the voltage drop developed across resistor Ra is fed through Ry to the sensor input of the 
differential amplifier. This lowers the voltage at this point from the voltage level present when the output is inhibited. 
The resistance of the sensor must now decrease enough to overcome this additional (‘hysteresis’) voltage in order to 
inhibit the output. Ry should have a typical value close to the value of the sensor used. The value of Ra, which 
determines the amount of hysteresis, should be approximately one tenth the value of Ry. In Figure 4 the 10 kQ 
potentiometer is adjusted to set the voltage at pin 13 to the level at which the output is enabled. When precise control is 
not needed, such a circuit eliminates the small ‘‘uncertainity range’’ observed in time-proportioning systems. 


HEATER 
LOAD 


Ai trigger! 


T Rtrigger) is adjusted so that the peak output is less than 200 mA. 


FIGURE 4—ON-OFF HEATER CONTROL WITH HYSTERSIS ADDED 


Output inhibited 7 


7 i | / 
7? 
w 7 ! 7 
£ 7 y ] ¢ 
ye 7 ! ] 4 
% »~ ' | , 
3 7 t G 
> 7 t ! v4 
2 rg ; ] o 
7 : t 7 
Output enabled Pd H t¢ 
Pa Vad 


V13—Voltage at Pin 13 


FIGURE 5—HYSTERESIS CURVE FOR FIGURE 4 


A—Circuit without added hysteresis (AV13 ~ 15 to 20 mV residual hysteresis) 

8—Circuit with added hysteresis (AV43 ~ 200 to 300 mV added hysteresis) 

NOTE 1: Dotted lines represent discontinuous changes where the differential amplifier changes from inhibit to enable or vice-versa, Solid lines 
represent stable states (inhibit or enable) of the differential amplifier. 


Printed in U.K. | 
Tl cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. TEXAS INSTRUM ENTS 321 


XMAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
] ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


322 


LINEAR TYPES TL441M, TL441C 
INTEGRATED CIRCUITS LOGARITHMIC AMPLIFIERS 


BULLETIN NO. DL-S 7611427, JANUARY 1971—REVISED JUNE 1976 


JORN 
FORMERLY SN56502, SN76502 DUAL-IN-LINE PACKAGES (TOP VIEW) 


OUTPUTS 


e Excellent Dynamic Range 

e Wide Bandwidth 

e Built-In Temperature Compensation 

e Log Linearity (30 dBV Sections) ...1dBV 
e Wide Input Voltage Range 


Ya tog Al + log A2; Z« log B1 + B2 
where: A1, A2, B1, and B2 are indBV, OdBV =1 V. 


Caz, Cana’, Caz, and Caz, are detector compensation inputs. 
description NC—No interna! connection 


This monolithic logarithmic amplifier circuit contains four 30-dBV log stages. Gain in each stage is such that the output 
of each stage is proportional to the logarithm of the input voltage over the 30-dBV input voltage range. Each half of the 
circuit contains two of these 30-dBV stages summed together in one differential output which is proportional to the 
sum of the logs of the input voltages of the two stages. The four stages may be interconnected to obtain a theoretical 
input voltage range of 120 dBV. In practice, this permits the input voltage range to be typically greater than 80 dBV 
with log linearity of +0.5 dBV (see application data). Bandwidth is from dc to 40 megahertz. 


These circuits are useful in military weapons systems, broadband radar, and infrared reconnaissance systems. They serve 
for data compression and analog compensation. The logarithmic amplifiers are used in log IF circuitry as well as video 
and log amplifiers. The TL441M is characterized for operation over the full military temperature range of —55°C to 
125°C; the TL441C is characterized for operation from 0°C to 70°C. 


schematic 
Vcec+ (8) 
oe: (6) (0) ig Sa 
pats (5) ® ours 


ee (7) oe (3) or 


im cima Teo . 
sR ie 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


I ET TE Ta I A a a I, IE EYE I EOE ES IR AT OT SE fe IT 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltages (see Note 1): 


Vec &"<...: SS ee ts. Be a ee ee a a ain BD Se ay eh, Oe ee Ma Sie op os me . “BV 

Input voltage (see Note 1) ge coe gh UGP SP cise “ue oe Hg: a do ae Se ee Ot We ok Boe. wh oh wk eB ae Ge DOV 
Output sink current (any one output) .. . . ee, eel at ody Boge kh dee, SSCA 
Continuous total dissipation at (or below) 70°C fice. -air pisenperatuts: ieee: Note 2) Coe ee ee ee eg , §00 mW 
Operating free-air temperature range: TL441M Circuits .. 2... 2. —55°C to 125°C 
TEAS IC Cireants! og Se ee &e ee GR OY ow Se OPE tH 70°C 

Storage temperaturerange . 2... 1 1 ee ee ee .)»~6= 65°C to 150°C 


NOTES: 1. All voltages, except differential output voltages, are with respect to network ground terminal. 
2. For operation of the TL441M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 


TL441M TL441C 
Input voltage for each 30-dBV stage (0.01 1 0.01 


125 


Operating free-air temperature, Ta —55 70 


electrical characteristics, Vcc+ = 6 V, Vcc— = —6 V, Ta = 25°C 


TEST TL441M TL441C 
PARAMETER UNIT 
FIGURE {MIN TYP MAX|MIN TYP MAX 
Differential output offset voltage +40 | mv | 
Quiescent output voltage 5.45 5.6 5. = 645 56 585] V | 


D-c scale factor (differential output), 
each 30-dBV stone, —35 dBV to —-5 dBV 


oe 
a a 
D-c error at —20 dBV (midpoint 
of —35 dBV to —5 dBV range) 
tte 
a ee ee 
) $28). 
ay 
a a 


Input impedance 
Output impedance 


Rise time, 10% to 90% points, C) = 24 pF 
Supply current from Vcc+ 


14.5 185 23/145 18.5 
=6 -85-105| -6 -8.5~-10.5| 
123 162201] 123 162 201 


Supply current from Vcoc— 


Power dissipation 


‘PARAMETER MEASUREMENT INFORMATION 


Vcec+ Vcc— 


PD = Vec+ Iec+ + Vec—-Icc- 
FIGURE 1 FIGURE 2 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


Vecc+ Vcc-— Voc+ Vcc 


TEKTRONIX 
SAMPLING SCOPE 
WITH DIGITAL 


READOUT OR 
EQUIVALENT 


18 mV 
100 mV 


Dc 
POWER 
560 mV | SUPPLY 
NOTES: A. The input pulse has the following character- 
istics: ty, = 50 ns, ty < 2 ns, te < 2 Os, 
PRR = 10 MHz. 
B. Capacitor C, consists of three capacitors in 


[Vout(560 mV) — Vout(18 mv)} mV 
30 dBV 


Scale Factor = 


Vout(100 mv) — 0.5 Vout(560 mv) —0-5 Vout(18 mv)! 


Error = parallel: 1 uF, 0.1 uF, and 0.01 uF. 
Scale Factor C. Cy, includes probe and jig capacitance. 
FIGURE 3 FIGURE 4 
TYPICAL CHARACTERISTICS 
TL441M TL441M 
DIFFERENTIAL OUTPUT OFFSET VOLTAGE QUIESCENT OUTPUT VOLTAGE D-C SCALE FACTOR 
vs vs vs 
FREE-AIR TEMPERATURE FREE-AJIR TEMPERATURE FREE-AIR TEMPERATURE 
> 
: 8 
é é 
; > i 
6 & 
: ! 3 
= a 2 
ie a § 
3 é : 
2 s fa) 
6 9 
: vege GY . Voce * ; 
a Vec- = -6V Weg & 
See Figure 1 See Figure 2 A 
° -§0 -25 0 2% SO 75 100 125 a -§0 -26 0 2 S50 75 100 125 -75 -80 -25 0 2% SO 75 100 125 
Ta—FreeAir Temperature—°C Ta—FreeAir Tempersture-°C Ta—FreeAir Temperature—"C 
FIGURE 5 FIGURE 6 FIGURE 7 
TL441M 
D-C ERROR OUTPUT RISE TIME POWER DISSIPATION 
vs vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE FREE-AIR TEMPERATURE 


ty—Output Rise Time—ns 
Power Dissipetion-—-mW 


O-C Error at Midpoint of 30-dBV Range—dBV 
3 . 


ati eee Sa 


0 te) 
-75 -6§0 -26 0 23 80 75 100 126 0 § 10 18 20 2 Ki) 25 «50 78 100 125 
Ta—Free-Air Temperature—°C Cy —Loed Capacitence—pF Ta—Free-Air Temperature—°C 


FIGURE 8 FIGURE 9 FIGURE 10 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


TYPICAL APPLICATION DATA 


Although designed for high-performance applications 
such as broadband radar infrared detection, and 
weapons systems, this device has a wide range of 
applications in data compression and analog 
computation. 


basic log function 


The basic log response is derived from. the 
exponential current-voltage relationship of collector 
current and base-emitter voltage. This relationship is 
given in the equation: 

m-VBE = In [(Ic + IcEs)/IcEs] 
where: Ic = collector current 

ICES = collector current at Vggé =0 

m =q/kT (in V~-}), 

VBE = base-emitter voltage 


The differential input amplifier allows dual-polarity 
inputs, is  self-compensating for temperature 
variations, and is relatively insensitive to noise. 


functional block diagram 


OUTPUTS 


FIGURE 11 


log sections 


As can be seen from the schematic, there are eight 
differential pairs. Each pair is a 15-dBV log 
subsection, and each input feeds two pairs for a range 
of 30 dBV per stage. 


Four compensation points are made available to allow 
slight variations in the gain (slope) of the two 
individual 15-dBV stages of input A2 and B2. By 
slightly changing the voltage on any of the 
compensation pins from its quiescent value, the gain 
of that particular 15-dBV stage can be adjusted to 
match the other 15-dBV stage in the pair. The 
compensation pins may also be used to match the 
transfer characteristics of input A2 to Al or B2 to 
B1. 


The log stages in each half of the circuit are summed 
by directly connecting their collectors together and 
summing through a common-base output stage. The 
two sets of output collectors are used to give two log 
outputs, Y and Y (or Z and Z) which are equal in 
amplitude but opposite in polarity. This increases the 
versatility of the device. 


By proper choice of external connections, linear 
amplification, linear attentuation, and many different 
applications requiring logarithmic signal processing 
are possible. 


input levels 


The recommended input voltage range of any one 
stage is given as 0.01 volt to one volt. Input levels in 
excess of one volt may result in a distorted output. 
When several log sections are summed together, the 
distorted area of one section overlaps with the next 
section and the resulting distortion is insignificant. 
However, there is a limit to the amount of overdrive 
that may be applied. As the input drive reaches 
+3.5 volts, saturation occurs, clamping the 
collector-summing line and severely distorting the 
Output. Therefore, the signal to any input must be 
limited to approximately +3 volts to ensure a clean 
output. 


output levels 


Differential-output-voltage levels are low, generally 
less than 0.6 volt. As demonstrated in Figure 12, the 
Output swing and the slope of the output response 
can be adjusted by varying the gain by means of the 
slope control. The coordinate origin may also be 
adjusted by positioning the offset of the output 
buffer. 


NNN ee 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


TYPICAL APPLICATION DATA 


circuits 


Figures 12 through 19 show typical circuits using these logarithmic amplifiers. Operational amplifiers not otherwise 
designated are uA741, For operation at higher frequency, use of uA733 is recommended instead of uA741, with the 
differential outputs connected as in Figure 14. 


TYPICAL TRANSFER 
CHARACTERISTICS 


To 
Bn A 
A aT 
eerie all Il 


Output Voltage—V 
o 
@ 


FIGURE 12—OUTPUT SLOPE AND ORIGIN ADJUSTMENT 


TRANSFER CHARACTERISTICS * 
OF TWO TYPICAL INPUT STAGES 


HA 
ae 
3 fh, 
“ane So. “a 
- Ht | 


2k2,1% 


ah 


FIGURE 13—UTILIZATION OF SEPARATE STAGES 


TRANSFER CHARACTERISTICS 
WITH BOTH SIDES PARALLELED 


SLA TT 
ie AC 
SLUT TI TU 


0 
0.001 0.0 10 
input Vo! ee 


2k2, 1% 


BI a | 

INPUT 5 OUTPUT 
B2 

— ~—e. 


FIGURE 14—UTILIZATION OF PARALLELED INPUTS 


Output Vortage—V 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


TYPICAL APPLICATION DATA 


TRANSFER CHARACTERISTICS 


aD AA 
A 


Output Voltage—V 


° 
a 


Mi 
ra a 
a il 


pecern mA —V 


° 
3 


NOTES: A. Inputs are limited by reducing the supply voltages for the input amplifiers to +4 V. 
8B. The gains of the input amplifiers are adjusted to achieve smooth transitions. 


FIGURE 15—LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dBV 


OUTPUT W 
(See Note B) 


NOTES: A. Connections shown are for multiplication. For division, Z and Z connections are reversed. 
B. Output W may need to be amplified to give actual product or quotient of A and B. 
C. R designates resistors of equal value, typically 2k2 to 10 kN. 


Multiplication: W = A*B = log W = log A + log B, or W = allOdaq A + log, B) 


Division: W = A/B = log W = log A — log B, or W = alloga A — loga B) 


FIGURE 16—MULTIPLICATION OR DIVISION 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


TYPICAL APPLICATION DATA 


OUTPUT 


: Ww 
a ] 
NOTE: R designates resistors of equal value, typically 2k to 10 k82. The power to which the input variable is raised is fixed by setting nR. 


Output W may need to be amplified to give the correct value. 
Exponential: W =A" = log W = n log A, or W = al" l0gq A) 


FIGURE 17—RAISING A VARIABLE TO A FIXED POWER 


2k2 2k82 


INPUT 0 
OUTPUT 


A 
| ORIGIN Ww 


NOTE: Adjust the slope to correspond to the base ‘’a’’, 
Exponential to any base: W=a 


FIGURE 18—RAISING A FIXED NUMBER TO A VARIABLE POWER 


INPUT 
1 O 
OUTPUT 
50 22 50 22 Gain Adj. 
= 400 2 
= = LF for 30 dB 
INPUT 
2 eo 


OUTPUT 
2 


5029 502 Gain Adj. 


~ 400 0) 
=> + \F for 30.48 


FIGURE 19—-DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE PER CHANNEL AT 10 MHz 
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FUTURE PRODUCT 
TO BE ANNOUNCED 


features 


Resolution... 13 Bits 


Linearity ... (+1 Count) 0.05% Full Scale 
Max 


True Differential Input 

High Input Impedance... 108 Ohms Typ 
Automatic Zero 

Automatic Polarity 

internal Precision Voltage Reference 


200 Conversions/Second Typ 


description 


TYPE TL500 
ANALOG PROCESSOR 


JUNE 1976 


N 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


SIGNAL INPUT 
SIGNAL RTN. 
Vref OUT 
Vret IN 
ANALOG GND 
REF CAP 

REF CAP 

B INPUT 


A INPUT 


= 


18 ZERO CAP 
17 ZERO CAP 

16 Vocs 

15 BUFFER AMP OUT 
14 INTEGRATOR IN 
13 INTEGRATOR OUT 
12 Veco. 

11 DIGITAL GND 


10 COMPARATOR OUT 


The TL500 contains all the active analog elements for an automatic zeroing, 13-bit dual-slope A/D converter that has 
true differential inputs and that will automatically indicate the polarity of the applied input signal. The TL500 requires 
a total of five external components: three capacitors and two resistors. These components need no special matching nor 
special tolerances. 


The TL500 is designed to be used with the TL501 or TL502 logic devices to form a complete A/D converter; how- 
ever, it can also be used with other logic devices for special purpose applications. 


The TL500 is a product of Tl’s BI-MOS process, which incorporates standard bipolar and MOSFET transistors on the 
same monolithic integrated circuit. 


functional diagram 


(Wh "A 
De A 


ANALOG 
INPUTS 


FULL-SCALE 


LOGIC DECODE 


FOR 


INTERNAL SWITCHES 


VOLTAGE 
REFERENCE 
GENERATOR 


LOGIC 

CONTROL 

TL501 
OR 


Oo Cc 
| (5) ANALOG 
GND 


| (11) DIGITAL 
A 7 GND 


TENTATIVE DATA SHEET 


This document provides tentative information TEXAS IN ST RU M EN TS 


ona product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 


FUTURE PRODUCT TYPE TL502 
TO BE ANNOUNCED DIGITAL PANEL METER 


LOGIC CONTROL DEVICE 


JUNE 1976 


features functional block diagram 


Ba a eel goal e te gree eee + 20,000 
e Compatible with TIL330 and TIL321 jy. OuTPUT 
Common-Anode Displays, and Other osc _| | 
Popular Seven-Segment Common-Anode | | 
Displays | €- Yec 
| 
e Over-Range Indicator | 
| | 
e Internal Segment Drivers ee rere | 
CLOCK-ENABLE | MULTIPLEXER 
e Digit Base-Drive Outputs. ty) Ogee | 
compare/ | BCD ~7- | 
description LAMP TEST SEGMENT | 
| 
a | 
The TL502 is a 4%-digit Digital Panel Meter Logic | eaven | 
Device. It is designed to interface with the TL500 | | 
analog processor, to provide base drive for the | ? aren 


external p-n-p digit drivers, and to drive LED 


segments through external limiting resistors. ee ore SC aMe nT 


CONTROL OUTPUTS OUTPUTS OUTPUTS 
TO THE TL500 


The TL502 oscillator input can be driven directly from any TTL output, or a 470-pF capacitor connected between 
that input and ground will develop an internal clock frequency. 


Figure 1 shows a typical digital panel meter application. 


5V 


CLOCK ENABLE | D1 


DIGIT 
BASE 
DRIVERS 
SEGMENT 
ORIVERS 
TL502 
(16) 
Voce | 
(3) anaLog | 
GNO | 
VOLTAGE han DIGITAL 
REFERENCE GND | 
GENERATOR 
aa Vec- | nee o 3 ° 
FULL-SCALE J L GND INPUT 
ADJUST oe a a Se os ee Saale a. ata eaten 
(28 Be TIL 321 (4) 


FIGURE 1- TYPICAL DIGITAL PANEL METER USING TL500 AND TL502 
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on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 
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LINEAR 


TYPE TL560C 
INTEGRATED CIRCUITS PRECISION LEVEL DETECTOR 


BULLETIN NO. DL-S 7612400, MAY 1976 


e Stable Threshold Level e Threshold Hysteresis 


e Low Input Current 


Wide Supply Voltage Range 
e 


High Output Sink Current Capability e Formerly SN72560 


description 


The TL60 is a precision level detector intended for applications that require a Schmitt-trigger function. The detector 
has excellent voltage and temperature stability and an internal voltage reference for the input threshold level. The 
reference-voltage pin is available for external adjustment of the positive-going threshold voltage level. 


The TL560C is characterized for operation from 0°C to 70°C. 


L PLUG-IN PACKAGE JG OR P DUAL-IN-LINE 
(TOP VIEW) PACKAGE (TOP VIEW) 


ALL TERMINALS ARE INSULATED 
FROM THE CASE 


Vcc NC INPUT NC 


GND REF NC OUTPUT 
OUTPUT 


NC—No internat connection 


schematic 


Vcc 


GND 


REFERENCE 


Resistor values shown are nominal and in ohms. 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (seeNote 1) 6 6 1 7V 
Input voltage (see Note 1). ww Vcc 
Output voltage (see Note 1) oh a Ge ates eS ip, Sroka, pas ot, Mente ey de bck dit Ghats ee Bs Ge OE ee in Ge TO 
Output sink current gi aia Coe eee ee ww ew es) 61BOMA 
Continuous total dissipation at ise balou) 25° C free: air ewipardture or Note 2) ee = 1000 01)') 
Operating free-air temperature range 6 6 1 we 0°C to 70°C 
Storage temperature range .. . ee en ee ee = 665°C to 150°C 
Lead temperature 1/16 inch from case tor 60 seebuds L sackade L eeweMyt suet Gone? Bech <b dilin Soe, WOO 
Lead temperature 1/16 inch from case for 10 seconds: P package. © 2 1 1 we ee ee eee 260°C 


NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature refer to Dissipation Derating Curve, Figure 3. This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, Rgca, Of not more than 105°C/W. 


recommended operating conditions 
MIN NOM MAX UNIT 


Supply voltage, VCC ww ee ee 2G 5 7 V 
Low-level output current, OL fe oe nia ge Ss in chs Re Sas ar eS ae a oe eS 48 mA 
Operating free-air temperature, TA 2. ee ee ee 8 70 86°C 


electrical characteristics over recommended operating free-air temperature range, VCC = 5V 


(unless otherwise noted) 


Ratio of positive-going threshold 
Vt+/Vcc Vcc =2.5Vto7V 
vont to supa voltage 


| 
Input current below 
V, = 2.75V, Output on 2 30 nA 
positive-going threshold voltage 
Input current above 
uA 


Vi=1V, Output off 1.2 
negative-going threshold voltage 


lOloff) Off-state output current Viy=4V, Vo = 25V ft | 
Volon) On-state output voltage Vi= 19 = 48 mA 0.2 0.4 
5 


ICCloff) Supply current, output off (each detector) 2 nC : 


tPositive- -going threshold voltage, V74, is the input voltage level at which the output changes state as the input voltage is increased. 
tNegative- -going threshold voltage, V7T_, is the input voltage level at which the output changes state as the input voltage is decreased. 


See data sheet DL-S 7412126, Linear and Interface Circuits Ordering Instructions and Mechanical Data, dated April 1974 and its Supplement, 
dated February 1976. 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 


Se SSS 
TYPICAL CHARACTERISTICS 


POSITIVE-GOING THRESHOLD VOLTAGE 
vs 


SUPPLY VOLTAGE 


ON-STATE OUTPUT VOLTAGE 
vs 
ON-STATE OUTPUT CURRENT 


er. } oh aoa 0.8 | re 
> eres : | Vec-5V 
3 | ij Sore) 8 
8 nS Aba eds, S TA 8 260 
£ 2 : 
s | Ci erie ee 
3° 
S > | a 
i 3 05 i 
E 6. gat 
> o 
g 4 i 
g © 
s g 
(eo) 
fi > 
> 


0 25 50 76 100 125 150 


Vec-Supply Voltage- V 


'Ofon) On-State Output Voltage - V 


FIGURE 1 FIGURE 2 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 
1000 ( Smeaaa maratn (ie axe 7 


DERATE FROM 
L 6.4mw/C 25°C 
G 74Amw?PC 42°C 
8.0mw/°C 50°C 
Lt hs: . 
0 10 20 30 40 50 60 


Ta—Free-Air Temperature—°C 


Maximum Continuous Dissipation—mW 


FIGURE 3 


NOTE 3: This rating for the L package requires a heat sink that provides a thermal! resistance from case to free-air, Raca, of not more than 
105°C/wWw. 


TYPICAL APPLICATION DATA 


The TL560 performs the function of a Schmitt trigger circuit. The logic function is noninverting and has a wide 
hysteresis between the positive-going and negative-going threshold voltage levels (see Figure 4). 


Operation of the TL560 is specified at a Vcc of 5 V, although 2.5-V to 7-V supply operation is possible. The device 
can be used with popular logic systems (such as Series 54/74 TTL) and standard battery voltages. 


Figure 5 is used to illustrate operation of the TL560 circuit. The input stage is a differential amplifier composed of Q1, 
Q2, Q3, and O4. The input signal is applied at the base of Q1 while the base of Q2 is connected to an internal reference 
voltage determined by resistors R4 and R5 and VCC: Vref = Vcc’ R5/(R4+R5). 


SE a I TI St IEE A SS ER A AE 2 GFT ASAP NII 


TEXAS INSTRUMENTS 335 


336 


y > 
&, 
| HYSTERESIS g 
\ \ INPUT OUTPUT $ 
' i 3 

— Vcc 6 | 
je) 
reFt = 

| 

OUTPUT =-VOji(on) = | 

OPEN 
Oo os 1 1.5 2 25 3 3.5 4 


TYPE TL560C 
PRECISION LEVEL DETECTOR 


TYPICAL APPLICATION DATA 


Vcc 
VTt 
q VT Ry 
0) 
( 


Vi—Input Voltage~V 
FIGURE 4—INPUT-OUTPUT TRANSFER FUNCTION 


REFERENCE 


Vcc 


INPUT 
OUTPUT 


GND 


DIFFERENTIAL HYSTERESIS ! THRESHOLD OUTPUT 
INPUT (POSITIVE FEEDBACK) REFERENCE | DRIVER 
AMPLIFIER | CIRCUIT | CIRCUIT | CIRCUIT 


FIGURE 5—FUNCTIONAL CIRCUIT DIAGRAM 


If the base of Q1 is less positive than the base of Q2, Q2 conducts and causes 04, Q5, Q7, Q8, and the output, 
transistor, Q9, to conduct. Transistors Q2 and QS share the current in emitter resistor R1. Since Q1 does not conduct, 
Q3 and Q6 do not conduct. There is no base current in Q1, and therefore no current required from the input source. A 
very high input impedance therefore exists. Since Q2 is conducting, a small voltage drop exists across R3 due to Q2 
base current. 


If the input voltage is increased, Q1 does not conduct until the input voltage (base voltage of Q1) approaches the base 
voltage of Q2. Current is then switched from the emitters of Q2 and O5 to the emitter of Q1. Conduction in Q1 causes 
current to flow in Q3 and O6 which results in additional voltage drop in R3 and therefore a reduction in the base 
voltage of Q2. This positive feedback accelerates switching action and causes conduction to rapidly cease in Q2, Q4, 
Q5, Q7, O08, and the output transistor, Q9. Conduction in Q6 causes the base of Q2 to assume a voltage (approximately 
0.6 V) much lower than the original reference voltage (approximately 3 V). This results in hysteresis between the 
positive-going and negative-going threshold levels. 


aE 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 


NT I NN er ete ol 
TYPICAL APPLICATION DATA 


After switching occurs, the base current of Q1 increases to a somewhat higher value than just below threshold because 
of higher Q1 operating currents. Once the positive-going threshold level (~3 V) has been reached, the input voltage 
must be reduced to the negative-going threshold level (~0.6 V) before switching back to the original state will occur. 
Figure 4 illustrates the threshold levels of the TL560. Because the input current increases after the positive-going 
threshold voltage level has been exceeded, the input voltage will be reduced by an amount dependent on the source 
resistance. !f the reduced input voltage is not below the negative-going threshold voltage level, a stable state will exist. If 
the source resistance is too high, oscillation or periodic switching may occur. 


The positive-going threshold voltage level (VT+) is guaranteed to be 3.00 + 0.20 volts at a Vcc of 5 V. It is also 
approximately 60% of the supply voltage over the supply voltage range of 2.5 V to 7 V. With a resistor-capacitor 
network as illustrated in Figure 7, a VT+/Vcc ratio of 60% results in a timed interval of approximately RC seconds, 
independent of the Vcc level. Since the input current is nominally 2 nA just below the VT+ level, very large values of 
R and/or large values of C may be used to achieve long-timed intervals. The duration of the timed interval may be 
greatly increased (at the expense of accuracy) by using a P-N-P transistor as shown in Figure 11 in a 
capacitance-multiplication technique. The timed interval is, however, sensitive to variations in the hee of the P-N-P 
transistor. Also for any of the timing applications, very-low-leakage capacitors are necessary for accurate operation. 


The low input current (30 nA maximum for I+) and high output sink current (160 mA maximum) make the TL560 
excellent in applications of interfacing between low-level systems and TTL systems where precision level detection is 
required, The output is capable of sinking up to a maximum of 160 mA with a TTL-compatible on-state voltage of 
0.4V maximum guaranteed at a sink current of 48mA. With an appropriate output pull-up resistor 
(Ry * 2 kQ to 5 V), a fan-out of approximately 30 Series 74 TTL loads can be accommodated. 


In addition to applications interfacing with TTL systems, the TL560 finds application in driving relays, lamps, 
solenoids, thyristors (SCRs and triacs), and other peripheral devices. 


Vcc Vcc 
R12 Re 
Vo Vo 
R2 g 
REF 
~ OPEN 
#NCC 
Output turns off when V; > V4 
Output turns on when V; < V+_ OUTPUT 
= R2 
where V; NCC ns ; ===" VO(on) 
t= RTCr 
FIGURE 6—BASIC SENSOR CIRCUIT FIGURE 7—BASIC TIMED-INTERVAL CIRCUIT 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 


TYPICAL APPLICATION DATA 


Vcc Vcc Voc 


SINK CURRENT 


TIP30 


Vo Mi t 


———_————=> 
SOURCE CURRENT 


OPEN ideas preN 
FIGURE 8—EXTERNAL N-P-N TRANSISTOR FIGURE 9—EXTERNAL P-N-P TRANSISTOR FIGURE 10—RELAY DRIVER 
FOR INCREASING SINK CURRENT FOR INCREASING SOURCE CURRENT 
Vcc Vec 
Ry 
Vv 
° t=0 Vo 
REF 
OPEN 
FIGURE 11—LONG-TIMED-INTERVAL CIRCUIT FIGURE 12—BOUNCELESS SWITCH 
LS400 Vcc 

PHOTO & 


LEVEL 


CONDUCTIVE 


OPEN 
LIQuio 
NOTE A: This circuit can be used as a touch- 
control switch with Regedback © 10 M&. 
FIGURE 13-—SWITCH WITH TWO FIGURE 14—LIGHT-LEVEL SENSOR FIGURE 15—LIQUID-LEVEL SENSOR 


STABLE STATES 


Vv. 


"is OR) ) Sac reas Hel “Ap. 


OPEN 


OPEN 


FIGURE 17—SINE-WAVE-TO-SQUARE- 


FIGURE 16—THYRISTOR DRIVER CIRCUIT 
WAVE CONVERTER 


Printed in U.K. 
TI cannot assume ony responsibility for any circuits shown 
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LINEAR TYPES TL601, TL604, TL607, TL610 
INTEGRATED CIRCUITS P-MOS ANALOG SWITCHES 


BULLETIN NO, DL-S 7612401, JUNE 1976 


Switches +10-V Analog Signals JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW) 
e TTL/DTL Logic Capability TLGOI 


e =. 5-- to 30-V Supply Ranges 
e Low (100 2) On-State Resistance 
e = §=>6 High (1011 2) Off-State Resistance 


e 8-Pin Functions 
description 


The TL601, TL604, TL607, and TL610 are a family 
of monolithic P-MOS analog switches that provide 
fast switching speeds with high ro¢¢/ron ratio and no 
offset voltage. The p-channel enhancement-type MOS 
switches will accept analog signals up to +10 volts and 
are controlled by TTL-compatible logic inputs. The 
monolithic structure is made possible by BI-MOS 
technology, which combines p-channe! MOS with 
standard bipolar transistors. 


These switches are particularly suited for use in 
military, industrial, and commercial applications such 
as data acquisition, multiplexers, A/D and D/A 
converters, MODEMS, sample-and-hold systems, sig- 
nal multiplexing, integrators, programmable oper- 
ational amplifiers, programmable voltage regulators, 
crosspoint switching networks, logic interface, and 
many other analog systems. 


The TL601 is an SPDT switch with two logic control 
inputs. The TL604 is a dual complementary SPST 
switch with a single control input. The TL607 is an 
SPDT switch with one logic control input and one 
enable input. The TL610 is an SPST switch with 
three logic control inputs. The TL610 features a 
higher roff/ron ratio than the other members of the 
family. 


The TL601M, TL604M, TL607M, and TL610M are 
characterized for operation over the full military 
temperature range of —55°C to 125°C, the TL6011I, 
TL6041, TL6071, and TL610I are characterized for 
operation from —25°C to 85°C, and the TL6OIC, 
TL604C, TL6O7C, and TL610C are characterized for 
operation from O°C to 70°C. 


TYPICAL OF TYPICAL OF 
ALL INPUTS ALL SWITCHES 


Switch positions shown are for all inputs high. 
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I 

at 
A 
ENABLE 


TYPES TL6O1, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


I 
! 
fr 
! | 
aaa 
: spol A aes | 
B 


FUNCTION TABLE 


LOGIC INPUTS ANALOG SWITCH 


L x 
X L 
H H 


OFF (OPEN) ON (CLOSED) 
OFF (OPEN) ON (CLOSED) 
ON (CLOSED) OFF (OPEN) 


TL607 ! 

! 
A 

S1 EN ees Oe, fe =| >--: 
Cc 


FUNCTION TABLE 


OFF (OPEN) 
ON (CLOSED) 
OFF (OPEN) 


Supply voltage, Vcc+ (see Note 1) 

Supply voltage, VCC— wade Bo a ee 
Vcc+ to Vcc— supply voltage differential 
Control input voltage 

Switch off-state voltage 

Switch on-state current .. . 


Operating free-air temperature range: TL601M, TL604M, TL6O7M, TL610M 


TL6011, TL6041, TL607!, TL610I 
TL601C, TL604C, TL607C, TL610C 
Storage temperature range . . 1. ee ee ee ee ee 
Lead temperature 1/16 inch from case for 60 seconds: JG package 
Lead temperature 1/16 inch from case for 10 seconds: P package 
NOTE 1: All voltage values are with respect to network ground terminal. 
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LOGIC INPUT 


H ON (CLOSED) OFF (OPEN) 
L OFF (OPEN) ON (CLOSED) 


FUNCTION TABLE 


ANALOG SWITCH 


OFF (OPEN) 


OFF (OPEN) 
OFF (OPEN) 
ON (CLOSED) 


H = high logic level 
L = low logic level 
X = irrelevant 


Switch positions shown are for 
all inputs high. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


. 30V 
. -30 V 

. 35V 

. Vcect 

. 30V 

. . . . . 10MA 
. —55°C to 125°C 
—25°C to 85°C 
0°C to 70°C 

. -65°C to 150°C 
. 300°C 

. 260°C 


TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 
recommended operating conditions 


TL601M, TL604M TL601I, TL6041 TL601IC, TL604C 
TL607M, TL610M TL6071, TL610I TL607C, TL610C UNIT 
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX 

25 


[Supply voltage, Vog— (see Figure 1) +4 8-20-28 | 8-20-25 | 820 | 
| Vcc+ to Vec— supply voltage differential (see Figure) 15 30 | 15 ~~ 30«| 15 ~~~ 0's ~~ 
| Controlinputvoltage CT ts~“‘“C‘C*‘SS WLS OOOT™€6US5mSUWT OOO 
|Switchonstatecurent CEC T™™C™~“—;SCSOCYTSC*“‘“CNSNSCWO#O#éSN'Y 


Figure 1 shows power supply boundry conditions for proper operation of the TL601 Series. The range of operation for 
supply Vcc+ from +5 V to +25 V is shown on the vertical axis. The range of supply Vcc— from —5 V to —25 V is 
shown on the horizontal axis. A recommended 30-volt maximum voltage differential from VCC+ to VCC_— governs the 
maximum Vc¢c+ for a chosen VCC (or vice versa). A minimum recommended difference of 15 volts from Vcc+ to 
VCC— and the boundaries shown in Figure 1 allow the designer to select the proper combinations of the two supplies. 


RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 


Vcc+ —Supply Voltage—V 


—30 -25 -20 -15 -10 —5 0 
Vcc— —Supply Voltage—V 


FIGURE 1 


a a eee 
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TYPES TL6O1, TL604, TL6O7, TL610 
P-MOS ANALOG SWITCHES 


electrical characteristics over recommended operating free-air temperature range, 
Vec+ = 10 V, Voc = —20 V, analog switch test current = 1 mA (unless otherwise noted) 


PARAMETER 


Vi(sw) =10 V, 
lo(sw) = ~1 MA 


fon Switch on-state resistance 


Vi(sw) =~ 10 V, 
lOl(sw) = —1 MA 


roff Switch off-ctate resistance 


Cott Switch off state input capacitance | Vi(sw) = 0 V,f = 1 MHz 


Logic input(s) Fe TL604 
at 5.5 V, 
\cc+ Supply current from Vcc+ All switch input high TL607 
terminals Enable 
= 


a ee 
| freon 
Logic input(s) TL604 
at 5.5 V, 
{cc— Supply current from Vcc— All switch input high TL607 
terminals Enable 


a ee 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


tAII typical values are at Tp = 25°C. 
NOTE 2: The other terminal of the switch under test is at Voc; = 10V. 


switching characteristics, Vcc = 10 V, Vec_ = -20 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


Ry =1ks2,Cy = 35 pF, See Figure 2 
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TYPES TL601, TL604, TLGO7, TL610 
P-MOS ANALOG SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


24V +10 V 


PULSE 
GENERATOR ke a (See Note B) ton} y toff —o——sy 


(See Note A) +<V 
— —— —_ —_ oO 
OUTPUT 90% " 10% 


TEST CIRCUIT VOLTAGE WAVEFORMS 


kh 
1 k2Q + fon 


Vo= (10 V) 


NOTES: A. The pulse generator has the following characteristics: Zouyz = 50 92, ty = 15 ns, t¢= 15 ns, ty = 500 ns. 
B. Cz includes probe and Jig capacitance. 


FIGURE 2 


TYPICAL CHARACTERISTCS 


SCHON el ete ele tn Ner SWITCH ON-STATE RESISTANCE 


VS 
vs 
en SWITCH ANALOG VOLTAGE i FREE-AIR TEMPERATURE 
Be tase aye Shite yo 
700 m\ i _ a } an Ta =25°C 700 itt tf 
(sw) = — 
Now e poe 
| 500 \_ ows 10a) $ 400} tT viper 
BL We totem = ma f ] thee PO 
3 200 ____ XA Mi ee Ges al ic i Be € 200 es ae eee ee 
fa ® eee 
+ sw) SS. Ss a —_. 
gn) Oem = 200 A ae a re es Ce 
: ee = 
8 40 flee _ 40 aren 
5 20 - 20 
1O(sw) = 1 
10: S " 10 < 
—15 —10 —5 0 5 10 -75 -50 -25 0O 25 50 75 100 125 
Vi(sw)—Switch Analog Voltage—V Ta—Free-Air Temperature—°C 
FIGURE 3 FIGURE 4 


eae eee KL ESTES TL TE EE Ta I TI TR eS NR ES LOIN ELEN ITS IIE SDT IO GH EGS SE EE SIS IOS I SE NEE, 
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Th cannot assume any responsibility for any circuits shown 


or sepresent that they are free from patent infringement. TEXAS INSTRUM ENTS 343 


‘AS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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LINEAR TYPES uA733M, uA733C 
INTEGRATED CIRCUITS DIFFERENTIAL VIDEO AMPLIFIERS 


BULLETIN NO. DL-S 7611415, NOVEMBER 1970—REVISED JUNE 1976 


FORMERLY SN52733, SN72733 
e 200 MHz Bandwidth 


e 250k Input Resistance 
e Selectable Nominal Amplification of 10, 100, or 400 


e No Frequency Compensation Required 


e Designed to be Interchangeable with Fairchild » A733 and pA733C 
description schematic 


The uA733 is a monolithic two-stage video amplifier 
with differential inputs and differential outputs. 


INPUT 10 
Internal series-shunt feedback provides wide band- can {3 
width, low phase distortion, and excellent gain wf 
stability. Emitter-follower outputs enable the device 
to drive capacitive loads and all stages are current- 
source biased to obtain high common-mode and 
supply-voltage rejection ratios. 
Component values shown are nominal 

Fixed differential amplification of 10, 100, or 400 may be selected without external components, or amplification may 
be adjusted from 10 to 400 by the use of a single external resistor connected between G1A and G1B. No external 
frequency-compensating components are required for any gain option. 


The device is particularly useful in magnetic-tape or disc-file systems using phase or NRZ encoding and in high-speed 
thin-film or plated-wire memories. Other applications include general purpose video and pulse amplifiers where wide 
~ bandwidth, low phase shift, and excellent gain stability are required. 


The uA733M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA733C 
is characterized for operation from 0°C to 70°C. 


terminal assignments 


JORN L U FLAT PACKAGE 
DUAL-IN-LINE PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) (TOP VIEW) 


GAIN GAIN GAIN GAIN 


SELECT SELECT OUTPUT GAIN SELECT INPUT SELECT SELECT OUTPUT 
2 2A G28 GIB VCC+ 


®OOO® 


G2B G1B Vcc+ NC 


mee Ba SELECT seteeT oo es ies INPUT GAIN GAIN Vcc OUTPUT 
G2A GIA 1 SELECT SELECT 1 
PIN 5 IS IN ELECTRICAL CONTACT WITH THE CASE G2A GIA 


NC—No internal connection 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
uA733M uA733C 


UNIT 


q 
t 
a 


Supply voltage Vcc+ (See Note 1) 

Supply voltage Vcc_ (See Note 1) 

Differential input voltage 

Common-mode input voltage 

Output current 

Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) 


< 


3 
> 


Operating free-air temperature range —55 to 125 0 to 70 °C 
Storage temperature range —65 to 150 °c 
Lead temperature 1/16" from case for 60 seconds 300 
Lead temperature 1/16’ from case for 10 seconds i a (ee ee 260 


NOTES: 1. All voltage values, except differential input voltages, are with respect to the zero reference level (ground) of the supply voltages 
where the zero reference level is the midpoint between Vcc}+ and Vcc_. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics, Voc, = 6 V, Voc_ = —6V, Ta = 25°C 


TEST AINt A733 
PARAMETER TEST CONDITIONS 6 a mo GATSSE UNIT 
FIGURE SELECT | MIN [MIN TYP MAX MAX|MIN TYP MAX 
300 400 500 |250 400 600 
Vop=1V 


100 110 100 120 


Large-signal differentia! 


A 
vo voltage amplification 


Bandwidth 


lo Input offset current 
7 Input bias current 


Input voltage range 
Common-mode 
output voltage 
Output offset voltage 


Maximum peak-to-peak 


2 
ecoeae 


2.9 3.4 29 3.4 


=a 
oe) 
0.35 


—_ 


output voltage swing 


tj Input resistance 


Output resistance 


Input capacitance 


Common-mode 
CMRR : 


8 x 
ce) 
w 
o 


rejection ratio 


AVcc+ = 20.5 V, 
AVcc— = 10.5 V 


BW = 1 kHz to 10 MHz 


Rs = 502, 
Output voltage step = 1V 


Supply voltage 


a 
Oo 


4OVcc/AV 
ce 10 rejection ratio 


Broadband equivalent 
input noise voltage 


t pd Propagation delay time 


Rs = 502, 
Output voitage step = 1V 


ao 
eb 
N 


Rise time 


phLOlo 
fo?) 


Maximum output 


H . 
sink(max) ‘sink current 


lcc Supply current 


No load, No signal 
tthe gain selection is made as follows: 


Gain 1... Gain Select pin G1A is connected to pin G1B, and pins G2A and G2B are open. 
Gain 2... Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B. 
Gain3... All four gain-select pins are open. 


a [rao 
| 2 | 90 
ae 
a. 
Pa 
feet ea a 
ie Ec 
oe ar 
Ee ee 
eee 
Vop <1V pubes 
| 3 | 
ening Ld 
eee Pace | 
a eae 
ee zs 
— 
| 2 | 
| 3 | 
i 
Ee 
= Do 
ae | Any | 


ites 
un 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


electrical characteristics (continued), Vcc+ = 6 V, Vcc— = —6 V 
TA = —55°C to 125°C for uA733M, 0°C to 70°C for uA733C 


PARAMETER TEST CONDITIONS GAIN 
SELECT 


Large-signal differential 


TEST 
FIGURE 


A 
vB voltage amplification 


ho Input offset current 
lip Input bias current 
Vv Input voltage range 


Voo Output offset voltage 


Maximum peak-to-peak 
output voltage swing 


3S;35/5 
<|[<j< 


Vopp 


Vop <1V a eee 
é Co -mod Vic=#1V, f<100kH2/ 2 | 50 | 
ae >mmon-mode IC | 2 | 
rejection ratio Vic =+t1V, f=5 MHz a eae 
Supply volta AV =+0.5V, 
4Vcc/AVIO ee = per 2 
rejection ratio AVcc— = +0.5 V 
Maximum output 
Isink (max) . Any 2.5 mA 
sink current 


TThe gain selection is made as follows: 


Gain1... Gain Select pin G1A is connected to pin G1B, and pins G2A and G28 are open. 
Gain 2... Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B. 
Gain3... All four gain-select pins are open. 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


DEFINITION OF TERMS 
Large-Signal Differential Voltage Amplification (Ayp) The ratio of the change in voltage between the output terminals 
to the change in voltage between the input terminals producing it. 


Bandwidth (BW) The range of frequencies within which the differential gain of the amplifier is not more than 3 dB 
below its low-frequency value. 


Input Offset Current (lj) The difference between the currents into the two input terminals with the inputs grounded. 


Input Bias Current (lj) The average of the currents into the two input terminals with the inputs grounded. 


Input Voltage Range (Vj) The range of voltage that if exceeded at either input terminal will cause the amplifier to cease 
functioning properly. 


Common-Mode Output Voltage (VQ) The average of the d-c voltages at the two output terminals. 


Output Offset Voltage (VQQ) The difference between the d-c voltages at the two output terminals when the input 
terminals are grounded. 


Maximum Peak-to-Peak Output Voltage Swing (Vopp) The maximum peak-to-peak output voltage swing that can be 
obtained without clipping. This includes the unbalance caused by output offset voltage. 


Input Resistance (rj) The resistance between the input terminals with either input grounded. 

Output Resistance (ro) The resistance between either output terminal and ground. 

Input Capacitance (Cj) The capacitance between the input terminals with either input grounded. 

Common-Mode Rejection Ratio (CMRR) The ratio of differential voltage amplification to common-mode voltage 
amplification. This is measured by determining the ratio of a change in input common-mode voltage to the resulting 


change in input offset voltage. 


Supply Voltage Rejection Ratio (AVCC/AVjQ) The absolute value of the ratio of the change in power supply voltages 
to the change in input offset voltage. For these devices, both supply voltages are varied symmetrically. 


Equivalent Input Noise Voltage (V,) The voltage of an ideal voltage source (having an internal impedance equal to 


zero) in series with the input terminals of the device that represents the part of the internally generated noise that can 
properly be represented by a voltage source. 


Propagation Delay Time (tpg) The interval between the application of an input voltage step and its arrival at either 
output, measured at 50% of the final value. 


Rise Time (t,) The time required for an output voltage step te change from 10% to 90% of its final value. 


Maximum Output Sink Current (Isink(max)) The maximum available current into either output terminal when that 
output is at its most negative potential. 


Supply Current (I|C¢) The average of the magnitudes of the two supply currents 1¢c1 and Icca2. 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


test circuits 


Phase Shift 


FIGURE 1 


CO) 
2kQ 5 
5022 0.2 uF 
ef 1kQ VL 


FIGURE 3 


(Let) 


0.2 uF 
VID 0.2 uF 
50 2 502 i 1kQ 
FIGURE 2 ; ; 
50 2 Oa us 


FIGURE 4 


G2B G1B 


2k2 


G2A GIA 


VOLTAGE AMPLIFICATION ADJUSTMENT 


FIGURE 5 FIGURE 6 
TYPICAL CHARACTERISTICS 
PHASE SHIFT PHASE SHIFT 
vs vs 
FREQUENCY FREQUENCY 
5° 7 I eT ro 
Ae Vcoc+=6V 


Phase Shift 


0 1 2 3 4 5 6 
f--Frequency—MHz 


FIGURE 7 


f—Frequency—MHz 


FIGURE 8 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


TYPICAL CHARACTERISTICS 


VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) (SINGLE-ENDED OR DIFFERENTIAL) 
vs vs 
TEMPERATURE SUPPLY VOLTAGE 


Voltage Amplification Relative to Value at Ta = 25°C 
Voltage Amplification Relative to Value at VCc+ = t6 V 


0.8 
-75 -50 -28 O 25 50 75 100 125 


Ta~Free-Air Temperature—C Vec+i-Supply Voltage--V 
FIGURE 9 FIGURE 10 
DIFFERENTIAL VOLTAGE AMPLIFICATION SINGLE-ENDED VOLTAGE AMPLIFICATION 
vs vs 
RESISTANCE BETWEEN G1A AND G1B FREQUENCY 
1000 — ooo 50 Ts | dT UU 
700-4 seeesaenit GAIN} Ht 
wok HE HE sa ie 
RAT ites 


Avp-—Differential Voltage Ampiification 
= N 
8 8 
aay 


Avs-—Single-ended Voitage Amplificatton—dB 


Ht +4 
aul AU 
anon 
CEUTA SH 
¥6 Hii 


10 40 100 400 1k 4k 10k Y 100 400 


Ragj—Resistance Between GIA and G1B-2 f—Frequency- MHz 


FIGURE 11 FIGURE 12 
SUPPLY CURRENT : SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Vee+ F6V 
Voc— =-6V 
No Load 


!'cc—Supply Current—mA 
Scc—Suppty Current—-mA 


4 
> No Signal 
0 
-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—°C Vcc+!-Supply Voltage—V 
FIGURE 13 FIGURE 14 
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TYPES uA733M, uA733C 


DIFFERENTIAL VIDEO AMPLIFIERS 


Vopp—Maximum Peak-to-Peak Output Voltage—V 


Vopp—Maximum Peak-to-Peak Output Voltage—V 


o 


0 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAX!IMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


vs 


LOAD RESISTANCE 


Vcc+ =6V 
Vcc—=-6V 


ctl il 
Ot i 
CC 


PA 
UE TT 


WY LIE 

peti 
LTA ELT EL 
0 40 100 400 1k 


4k 10k 
R, —Load Resistance—2 


Vopp—Maximum Peak-to-Peak Output Voltage—V 


1 


FIGURE 15 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


CAI LATIN EL 
IIE ATMA | 


rj—Input Resistance—kQ 


vs 
SUPPLY VOLTAGE 


x 
a 
A 
4 
a 
< 
# 
ie 


AZ eRe 
ee ee 


Voce |_Supply Voltage—V 


FIGURE 16 


INPUT RESISTANCE 
vs 
FREE-AIR TEMPERATURE 


ee 
anaes 


1 2 4 710 20 40 70100 200 400 —60-40 -20 0 20 40 60 80 100 120 140 


f—Frequency—MHz 


FIGURE 17 
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Ta—Free-Air Temperature—C 


FIGURE 18 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO 
vs 
FREQUENCY 


nT ome 
| [sanz 


Baiilil| Nl | 
PY TAM LEME LAN LT 
PT VTA ETAT UGE NUTT 
I~ ‘I 
HHH -H rt 
0.1 1 10 


0.01 100 


CMRR—Common-Mode Rejection Ratio—dB 


f—Frequency—MHz 


FIGURE 19 


PULSE RESPONSE 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


Vop—Differential-Output Voltage—V 


0 5 10 15 20 25 30 35 


t—Time—ns 


FIGURE 21 
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Vop—Differential-Output Voltage—V 


DIFFERENTIAL INPUT OVERLOAD RECOVERY TIME 
vs 
DIFFERENTIAL INPUT VOLTAGE 


0 20 40 60 80 100 120 140 160 180 200 
Vip—Differential Input Voltage—mV 


FIGURE 20 


PULSE RESPONSE 
AS A FUNCTION OF GAIN 


0 5 10 15 20 2 30 35 


t—Time—ns 


FIGURE 22 
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MILITARY PRODUCTS 


MIL-M-38510 AND MIL-STD-883 MILITARY 
HIGH REL INTEGRATED CIRCUITS 


The Texas Instruments MIL-M-38510 and MiL-STD-883 programs offer a variety of options designed to meet con- 
tractual, reliability, and cost goals. MIL-M-38510 and MIL-STD-883 have been fully implemented to provide a broad 
product line of control circuits for both military original equipment and logistic requirements. Included in this section 
is a complete cross reference from the JAN part number to the corresponding standard catalog part number for ease in 
locating the commerical equivalent. The cross-reference from the catalog number to the JAN slash sheet number is also 
included. 


When system designs utilize control circuits not listed on the current QPL or where no slash sheet specification exists, 
the Tl! /883 or MIL-M-38510 JAN-processed program is recommended as a cost-effective substitute for non-standard 
program drawings or specifications. 


As an aid to predicting system reliability performance, the following is the estimated quality factor, Ilg, for Texas 
Instruments Linear Control Circuits, when processed to the options outlined in Table A. 


JAN MIL-M-38510 CLASS B 
JAN-PROCESSED CLASS B 


/883B 
STANDARD HERMETIC 


The following military documents (see Note 1) establish the processing, quality, and reliability assurance requirements 
for JAN integrated circuits. The detail requirements of each individual JAN device are specified in the slash sheets. 


MIL-M-38510/XXX,  Microcircuits, Digital, TTL,...,..., 
Monolithic Silicon (Slash Sheets) 
MIL-M-38510, Microcircuits, Genera! Specification for 
MIL-STD-883, Test Methods and Procedures for Microelectronics 
QPL-38510, Qualified Products List for MIL-M-38510 


NOTE 1: Copies of these documents may be requested from the Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, Pa. 


19120. 
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MILITARY PRODUCTS 
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MILITARY HIGH-REL PRODUCTS 


F JAN MIL-M-38510 CLASS B PRODUCT 


These devices will be manufactured to the full requirements of the appropriate MIL-M-38510 slash sheet in DESC 
approved domestic production facilities. The Tl Linear Department is supplying only Class B product (see Table A, 
Column |). 


A. Ordering Instructions: 


Order Entry Code* JAN/XXXXXBXX 
Device Type JAN M38510/XXXXXBXX 
SLASH SHEET MIL-STD-883 CLASS PACKAGE LEAD FINISH 
AND DEVICE (CLASS Bor C ONLY) 
TYPE 


CASE OUTLINE (SEE BLOCK A LEAD FINISH (SEE BLOCK A) 
san 38510 
(APP.C) 


SOLDER DIP 


SEE TABLES! & 1] 


Al 1/4" X 1/4" FLAT-14 TIN-PLATE 
NS en FOR TI FAMILIES A {7 14/4" X% 1/8" FLAT-14 GOLDPLATE 
| JAN CASE OUTLINE & FINISH FOR TIFAMILIES _| c| pip-14 OPTIONALY 
| __eaopuer__Tafelcfofetetatifutet t D] 1/4" X 3/8" FLAT-14 
SERIES 64 x xT Xx las 
SERIES 54H x : is 7 
SERIES 54L x Fj 1/4” X 3/8" FLAT-16 
SERIES 54LS xtx| x1 x xix G | TO-99 
SERIES 54S x{ x] x/x x1 x H | 1/4" X 1/4" FLAT-10 
LINEAR CONTROL x 
SERIES 55 x ji 
LEAD FINISH A K *FLAT-24 
LEAD FINISH B x apt x|x L ” PLAT-24 
LEAD FINISH C t 
. . t 
B. Symbolization: x 
Y 
Zz 


JM38510/XXXXXBXX 
TI Symbol (Trade Mark) 
4-Digit Date Code 


ll. MIL-M-38510 JAN-PROCESSED CLASS B PRODUCTS 


These devices will be tested to the electrical requirements of the JAN slash sheet specification and 100% processed to 
the MIL-STD-883 Class B requirements of Method 5004 (see Table A, Column II). 


A. Ordering Instructions: same numbering system as JAN with the omission of the JAN designation (see 1 above) 
Order Entry Code* TL/XXXXXBXX 
Device Type M38510/XXXXXBXX 


B. Symbolization: 


M38510/XXXXXBXX 
TI Symbol (Trade Mark) 
4-Digit Date Code 


*Order entry code is used because the TI order entry system is limited to 14 digits. 


tx" Denotes finish A, B, or C at option of manufacturer. Devices will be marked A, 8, or C as applicable, 
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MILITARY PRODUCTS 


I. 883 CLASS B/CLASS C PRODUCT 


These devices will be tested to the Data Book full-temperature electrical requirements and 100% processed to the 
MIL-STD-883 Class B or Class C requirements of Method 5004 (see Table A, Column III). 


A. Ordering Instructions: 

Device Prefix Designator Package /883B 
Example: TL 497M J /883B 

B. Symbolization: 


(Device prefix, designator and package) § /883B 
Tl Symbol (Trade Mark) 
4-Digit Date Code 


Group A Conformance 


Group A conformance shall consist of the electrical parameters in the manufacturer’s data sheet. If an inspection 
lot is made up of a collection of sublots, each sublot shall conform to Group A, as specified. 


SUBGROUP LTPD (%) 
LEVEL | LEVEL Il LEVEL fll LEVEL IV 
38510C 38510B 38510A 
Subgroup 1 5 7 5 5 
25°C, dc 
Subgroup 2 10 10 7 5 
High Temperature, dc 
Subgroup 3 . 10 10 7 5 
Low Temperature, dc 
Subgroup 4 10 10 7 5 


Dynamic and Switching Tests @ 25°C, 
NOTE: Functional tests included in D.C. tests. 


Final Electrical Test (Set 1) 


Each integrated circuit shall be required to pass the electrical requirements of Subgroup 1 of the detail specification. 
The manufacturer shall also perform such additional testing necessary to assure the parts will meet the temperature 
extreme limits. 


When specifically called out and funded on the purchase order or contract, the manufacturer shall perform subgroups 
2,3 and 4 of the above table in accordance with Method 5004 of MIL-STD-883, Notice 3. 


IV. STANDARD HERMETIC PRODUCT 
This material will be tested to the Data Book electrical requirements and processed per Table A, Column IV. 
Ordering Instructions: 


Device Prefix Designator q Package 


B. Symbolization 


(Device prefix, designator and package) 4 
Tl Symbol (Trade Mark) 
4-Digit Date Code 


§See ordering instructions on page 35. 
eS EL TE a SE ST EO Ia I AE ETS OI I LB IS I I TE, 
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SLNAIWNULSNI SVX3L 


LSE 


MIL-STD-883 


Visual Pre-Cap 


Method 2010 


Stabilization Bake 
Method 1008 


Temp. Cycle 
Method 1010 


Centrifuge 
Method 2001 


Fine Leak 
Method 1014 


Gross Leak 
Method 1014 


Electrical Test 


Burn-In (minimum) 
Method 1015 


Final Electrical 


Quality Conformance 
Sample Testing 


External Visual 
Method 2009 


TABLE A 


MILITARY PRODUCTS PROCESS FLOW 


JAN 
JM38510/XX XXX 
Le ees 40X and 
t 
ondition 100X 
Condition C 
1 | 
Condition C ae eee Pa 
—65°C to +150°C 
30,000 G’s 
Condition E 
Y7 Plane 
Condition A 5X 10-8 
orB atm cc/sec 
Condition C 
JAN 
SLASH SHEET 
Condition B 
or D 
JAN 
Method 5004 SLASH SHEET 
PA C&D 
Methodsods: | Coo ens & 


PER JAN SPEC 


3X to 10X 


JAN-PROCESSED 


M38510/XXXXX 


24 hrs/ 
+150°C 


10 cycles 
—65°C to +150°C 


30,000 G’s 
Y 1 Plane 


5 X 10-8 
atm cc/sec 


JAN 
SLASH SHEET 
25°C 


JAN 
SLASH SHEET 


GROUP A PLUS 
GENERIC B, 
C&D 


3X to 10X 


WW 
833 CLASS B 
XXXXX/883B 


24 hrs/ 
+150°C 


10 cycles 
—65°C to +150°C 


30,000 G's 
Y 4 Plane 


5 xX 10-8 
atm cc/sec 


25°C 
DATA SHEET 


160 hrs 
125°C 


DATA SHEET 


GROUP A PLUS 
GENERIC B, 
C&D 


3X to 10X 


IV V 
833 CLASS C STANDARD 
XXXXX/883:C HERMETIC 


40X and 
100X 


10 cycles 
—65°C to +150°C 


30,000 G’s 
Y 4 Plane 


1X 10-7 


atm cc/sec 


5 xX 10-8 
atm cc/sec 


25°C 
DATA SHEET 


GROUP A PLUS 
GENERIC B, 
c&D 


3X to 10X 


3X to 10X 


SLINGOYd AYVLITIW 
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MILITARY PRODUCTS 


JAN 
/NO. 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00201 
00202 
00203 
00204 
00205 
00206 
00207 
00301 
00302 
00303 
00401 
00402 
00403 
00404 
00501 
00502 
00503 
00504 
00601 
00602 
00603 
00701 
00801 
00802 
00803 
00804 
00805 
00901 
00902 
00903 
00904 
00905 
00906 
00907t 
oo90st 
oog0st 
0091 0t 
01001 
01002 
01003 
01004 
01005 
01006 
01007 
01008 
01009 
01101 
01102 
01201 
01202 
01203 
01204 
01205 
01301 
01302 
01303 
01304 
01305 
01306 
01307 
01308 
01309 
01310t 
O131it 
01312t 


CKT 
TYPE 


5430 
5420 
5410 
5400 
5404 
5412 
5401 
5405 
5403 
5472 
5473 
54107 
5476 
5474 
5470 
5479+ 
5440 
5437 
5438 
5402 
5423 
5425 
5427 
5450 
5451 
5453 
5454 
5482 
5483 
9304+ 
5486 
5406 
5416 
5407 
5417 
5426 
5495 
5496 
54164 
54165 
54194 
54195 
9300} 
9328 
54198 
54166 
5442 
5443 
5444 
5445 
54145 
5446 
5447 
5448 
5449 
54181 
54182 
54121 
54122 
54123 
9601 
9602 
5492 
5493 
54160 
54163 
54162 
54161 
5490 
54192 
54193 
54196 
54197 
54177 


TABLE |. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE 


JAN CKT 
/NO. TYPE 
01401 54150 
01402 9312 
01403 54153 
01404 9309 
01405 54157 
01406 54151 
01501 5475 
01502 5477 
01503 54116 
01504 9314+ 
01601 5408 
01602 5409 
01701 54174 
01702 54175 
01703t 54173 
01801 54170 
01901 54180 
02001 54130 
02002 54120 
02003 54L.10 
02004 54L00 
02005 54L04 
02006 54L01/54L03 
02101 54L71 
02102 54L72 
02103 54173 
02104 54178 
02105 54174 
02201 54H72 
02202 54H73 
02203 54H74 
02204 54H76 
02205 54H101 
02206 54H103 
02301 54H30 
02302 54H20 
02303 54H10 
02304 54HOO 
02305 54H04 
02306 54HO1 
02307 54H22 
02401 54H40 
02501 54L90 
02502 54193 
02503 54L193 
02504 931.10 
02505 93L.16 
02601 54.86 
02701 54102 
02801 54L95 
02802 54.164 
02803 93L28t 
02804 93L00 
02805 76L70 
02806¢ 5491 
02901 54.42 
02902 54L.43 
02903 54L.44 
02904 54L46 
02905 54L.47 
02906 76L42A 
02907 93L01 
03001 15930 
03002 15935 
03003 15936 
03004 15946 
03005 15962 
03101 15932 
03102 15944 
03103 15957 
03104 15958 
03105 15933 
03301 15945 
03302 15948 


NOTE: Only the basic JAN and commercial numbers are shown, 
tSlash sheets not released as of date of this publication. 
Not recommended for new designs. 


*Class S only. 


JAN 
/NO. 


03303 
03304 
03501 
04001 
04002 
04003 
04004 
04005 
04101 
04102 
04103 
04104¢ 
04201 
04202 
04301 
04401 
04501t 
04502+ 
04601 
04602 
04603 
05001 
05002 
05003 
05101 
05102 
05201 
05202 
05203 
05204 
05301 
05302 
05303 
05401 
05501 
05502 
05503 
05504 
05505 
05601 
05602 
05603 
05604 
05605 
05701 
05702 
05703 
05704 
05705 
05706t 
05707t 
05801t 
06001 
06002 
06003 
06004 
06005 
06006 
06101 
06102 
06103 
06104 
06201t 
07001 
07002 
07003 
07004 
07005 
07006 
07007 
07008 
07009 
07010 
07101 


CKT 
TYPE 


15950 
9094 
MH0026 
54H50 
54H51 
54H53 
54H 54 
54H55 
54.51 
54.54 
54L55 
54L54 
54L121 
54L122 
93L18 
93L24 
93L14 
93L08 
93L09 
93L12 
93L22 
4011A 
4012A 
4023A 
4013A 
4027A 
4000A 
4001A 
4002A 
4025A 
4007A 
4019A 
4030A 
4008A 
4009A 
4010A 
4049A 
4050A 
4041A 
4017A 
4018A 
4020A 
4022A 
4024A 
4006A 
4014A 
4015A 
4021A 
4031A 
4035A 
4034A 
4016A 
105014 
105024 
105054 
105064 
10507} 
105094 
J05314 
106314 
105 764 
105354 
10504 
54S00 
54803 
54S04 
54505 
54S10 
54S20 
54S$22 
54830 
54S 133 
54S 134 
54874 


TEXAS INSTRUMENTS 


JAN 
/NO. 


07102 
07103 
07104 
07105 
07106 
07201 
07301 
07401 
07402 
07403 
07501 
07502 
07601t 
07602t 
0770iT 
07702t 
07703t 
07801t 
07802t 
07901 
07902 
07903 
07904 
07905 
07906 
07907 
08001 
08002 
08101 
08201+ 
10101 
10102 
10103 
10104 
10105 
10106 
10107 
10201 
10202t 
10203t 
10301 
10302 
10303 
10304 
10401 
10402 
10403 
10404 
10405 
10406 
10407 
10501t 
10601 
10602 
10701 
10702t 
10703t 
10704t 
10801 
10802 
10901t 
10902t 
15001 
15101 
15102 
15103 
15201 
15202 
15203 
15204 
15205 
15206 
15301 
15302 


CKT 
TYPE 


548112 
54S113 
54S114 
54S 174 
54S175 
54540 
54802 
54851 
54S64 
54565 
54S86 
54S135 
54S194 
54S195 
548138 
54S139 
545280 
54S181 
54S 182 
54S151 
54S 153 
54S157 
545158 
548251 
54S 257 
54S 258 
54S 11 
54S15 
54S 140 
54885 
52741 
52747 
52101A 
521084 
LH2101A 
LH2108A 
52118 
52723 
52104 
52105 
52710 
52711 
52106 
52111 
55107 
55108 
55114 
55115 
55113 
7831 
7832 
52733 
LM 102+ 
52110 
52109 
LM140-12 
LM140-15 
LM140-24 


CKT 
TYPE 
54LS153 
54LS157 
54LS158 
54LS160 
54LS161 
54LS 164 
54LS168 
54LS169 
54LS174 
54LS175 
54LS181 
54LS192 
54LS193 
54LS194 
54LS195 
54.8196 
54LS197 
54LS221 
54LS251 
54LS253 
54LS257 
54LS258 
54LS261 
54LS266 
54LS279 
54LS283 
54LS290 
54LS293 
54LS295 
54LS298 
54LS324 
54LS395 
54LS670 
54L00 
54L01 
54L02 
54L.03 
541.04 
54L10 
54L20 
54L30 
54L42 
54L.43 
54L44 
54L46 
54L47 
54L51 
54L54 
54L55 
54L71 
54L72 
54L.73 
54L74 
54L78 
54.86 
54.90 
54L91 
54L93 
54L95 
54L121 
54L122 


NOTE: Only the basic JAN and commercial numbers are shown, 


TABLE It. CIRCU!IT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE 


04102, 04104¢ 
04103 
02101 
02102 
02103 
02105 
02104 
02601 
02501 
02806¢ 
02502 
02801 
04201 
04202 


CKT 
TYPE 
54L 164 
54L.193 
54S00 
54S02 
54S03 
54S04 
54S05 
54810 
54S11 
54815 
54S 20 
54S 22 
54S30 
54S40 
54S51 
54S64 
54865 
54S 74 
54885 
54586 
548112 
54S113 
548114 
54S 133 
54S 134 
548135 
548 138 
54S 139 
54S140 
54S151 
54S 153 
54S 157 
54S 158 
548174 
54S 175 
54S 181 
54S 182 
54S 194 
54S 195 


JAN 

/NO. 
02802 
02503 
07001 
07301T 
07002 
07003 
07004 
07005 
08001 
08002 
07006 
07007 
07008 
07201 
07401 
07402 
07403 
07101 
08201 
07501 
07102 
07103 
07104 
07009 
07010 
07502 
07701t 
07702t 
08101 
07901 
07902 
07903 
07904 
07105 
07106 
07801t 
07802t 
07601t 
07602t 
07905 
07906 
07907 
07703t 
20201T 
00104 
00107 
00401 
00109 
00105 
00108 
00801 
00803 
01601 
01602 
00103 
00106 
15101 
15102 
00802 
00804 
00102 


tSlash sheets not released as of date of this publication. 


{Not recommended for new designs. 


@Class S only. 


CKT 
TYPE 
5423 


JAN 

/NO. 
00402 
00403 
00805 
00404 
16201t 
00101 
16101T 
00302 
00303 
00301 
01001 
01002 
01003 
01004 
01006 
01007 
01008 
01009 
00501 
00502 
00503 
00504 
00206 
00201 
00202 
00205 
01501 
00204 
01502 
00207 
00601 
00602 
15001 
00701 
01307 
01301 
01302 
00901 
00902 
00203 
01503 
15401t 
01201 
01202 
01203 
15301 
15302 
15103 
01005 
15601 
15602 
01401 
01406 
01403 
15201 
15202 
15203 
01405 
01303 
01306 
01305 


TEXAS INSTRUMENTS 


MILITARY PRODUCTS 


CKT 
TYPE 
54163 
54164 
54165 
54166 
54173 
54174 
54175 
53177 
54180 
54181 
54182 
54186 
54192 
54193 
54194 
54195 
54196 
54197 
54198 
5531 
55107 
55108 
55113 
55114 
55115 
76L42A 
76L70 
7831 
8250 
8251 
8252 
9093 
93L00 
93L01 
93L.08 
931.09 
93L.10 
93L12 
93L. 14 
93L16 
93L18 
931.22 
93L.24 
93L 284 
9300t 
9300 
9304+ 
9308 
9309 
9312+ 
9314+ 
9317 
9318t 
9322 
9328 
9334 
9338 
93410 
9601 
9602 


JAN 
/NO. 
01304 
00903 
00904 
00910t 
01703t 
01701 
01702 
01312t 
01901 
01101 
01102, 
20101 
01308 
01309 
00905 
00906 
01310 
01311t 
oo909t 
23001t (256 RAM) 
10401 
10402 
10405 
10403 
10404 
02906 
02805 
10406 
15204 
15205 
15206 
03304 
02804 
02907 
04502t 
04601 
02504 
04602 
04501t 
02505 
04301 
04603 
04401 
02803 
00907t 
15901t 
00603 
01503 
01404 
01402 
01504 
15802 
15603t 
01405 
00908 
16001 
15701 
23002 (266 RAM) 
01204 
01205 


359 


360 


MILITARY PRODUCTS 


JAN 

/NO. 
15401 
15501 
15502 
15503 
15601t 
15602t 
15603t 
15701 
15801 
15802 
15901T 
15902t 
16001 
16101T 
16201T 
20101 
20102 
201 03t 
20201t 
20202t 
23001 t 
23002t 
23501t 
23502t 
23503 
23504 
30001 


CKT 
TYPE 
LH2101A 
LH2108A 
LM102 
LM140-12 
LM140-15 
LM140-24 
MCM5304 + 
MH0026 
TMS4050 
TMS4050 
TMS4060 
TMS4060 
1M5600 
1M5603A 
1M5623 
105014 
10502¢ 
10504 
10505+¢ 
10506 
10507+ 
10509 
105314 
105354 
10576¢ 
10631 + 
15930 
15932 
15933 
15935 
15936 
15944 
15945 
15946 
15948 
15950 
15951 
15957 
15958 
15962 


TABLE |. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE 


CKT 
TYPE 


54120 

54H08 

54H 11 

54H 21 

54147 

54148 

9318} 

9338 

9321 

9317 

9300 

9328 

9334 

5432 

5428 

54186 (PROM 512) 
MCM5304 ¢ 
IM5603A 

548387 (PROM 1024) 
IM5623 

5531 (256 RAM) 
93410 (256 RAM) 
TMS4060 (4K RAM) 
TMS4050 (4K RAM) 
TMS4060 (4K RAM) 
TMS4050 (4K RAM) 
54LS00 


JAN 
/NO. 
10105 
10106 
10601 
10702t 
10703t 
10704t 
20102 
03501 
23502 (4K RAM) 
23504 (4K RAM) 
23501 (4K RAM) 
23503 (4K RAM) 
20103 
20103t 
20202t 
06001 
06002 
0620it 
06003 


. 06004 


06005 
06006 
06101 
06104 
06103 
06102 
03001 
03101 
03105 
03002 
03003 
03102 
Q3301 
03004 
03302 
03303 
03201 
03103 
03704 


JAN CKT JAN CKT JAN 
/NO. TYPE /NO. TYPE /NO. 
30002 54LS03 30502 54LS86 31202t 
30003 54LS04 30601T 54LS194 3130i1t 
30004 54LS05 30602t 54LS195 31302t 
30005 54LS10 30603T 54LS95 31303t 
30006 54LS12 30604t 54LS96 31401t 
30007 54LS20 30605t 54LS164 31402t 
30008 54LS22 30606t 54LS295 31501f 
30009 54LS30 30607t 54LS395 31502t 
30101T 54LS73 30701t 54LS138 31503t 
30102t 54LS74 30702t 54LS139 31504t 
30103t 54LS112 30703t 54LS42 31505t 
30104t 54LS113 30704t 54LS47 31506t 
30105t 54LS114 30801 54LS181 31507t 
30106T 54LS174 30901 Tt 54LS151 31508t 
30107t 54LS175 30902t 54LS153 31601t 
30108t 54LS107 30903t 54LS157 31602t 
30109t 54LS109 30904t 54LS158 31701T 
30110 54LS76 30905t 54LS251 31702t 
30201 54LS40 30906t 54LS257 31801t 
30202 54LS37 30907t 54LS258 31901 
30203 54LS38 30908t 54LS253 32001 
30204 54LS28 30909 54LS298 32002 
30301 54LS02 31001 54LS11 32003 
30302 54LS27 31002 54LS15 32004 
30303 54LS266 31003 54LS21 32101 
30401 54LS51 31004 54LS08 32102 
30402 54LS54 31101 54LS85 40001 
30501 54LS32 31201t 54LS83A 42001 
TABLE If. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE 

CKT JAN CKT JAN CKT 
TYPE /NO. TYPE /NO. TYPE 
3018A 10801 52111 10304 54LS813 
3045 10802 52118 10107 54LS14 
4000A, 05201 52555 10901T 54LS15 
4001A 05202 52556 10902t 54LS20 
4002A 05203 52710 10301 54LS21 
4006A 05701. 52711 10302 54LS22 
4007A 05301 52723 10201 54LS 26 
4008A 05401 52733 1050it 54LS27 
4009A 05501 52741 10101 54LS28 
4010A 05502 54HOO 02304 54LS30 
4011A 05001 54H01 02306 54LS32 
4012A 05002 54H04 02305 54LS37 
4013A 05101 54H08 15501 54LS38 
4014A 05702 54H 10 02303 54LS40 
4015A 05703 54H11 15502 54LS42 
4016A 05801it 54H 20 02302 54LS47 
4017A 05601 54H 21 15503 54LS51 
4018A 05602 54H 22 02307 54LS54 
4019A 05302 54H30 02301 54LS73 
4020A 05603 54H40 02401 54LS74 
4021A 05704 54H50 04001 54LS75 
4022A 05604 54H51 04002 54LS76 
4023A 05003 54H53 04003 54LS83A 
4024A 05605 54H 54 04004 54LS85 
4025A 05204 54H55 04005 54LS86 
4027A 05102 54H 72 02201 54LS90 
4030A 05303 54H73 02202 54LS93 
4031A 05705 54H 74 02203 54LS95 
4034A 05706t 54H 76 02204 54LS96 
4035A 05707t 54H101 02205 54LS107 
4041A 05505 54H 103 02206 54LS109 
4049A 05503 54LS00 ° 30001 54LS$112 
4050A 05504 54LS02 30301 54L$113 
52101A 10103 54LS03 30002 54LS114 
52104 10202t 54LS04 30003 54LS123 
52105 10203t 54LS05 30004 54LS124 
52106 10303 54LS08 31004 54L$132 
52108A 10104 54LS10 30005 54L$138 
52109 10701 54LS11 31001 54LS139 
52110 10602 54LS12 30006 54LS151 


03005 


NOTE: Only the basic JAN and commercial numbers are shown, 
TtSlash sheets not released as of date of this publication. 
Not recommended for new designs. 


TEXAS INSTRUMENTS 


CKT 
TYPE 


54LS283 
54LS13 
54LS14 
54LS132 
54LS123 
54LS221 
54LS90 
54LS93 
54LS160 
54LS161 
54LS 168 
54LS169 
54LS192 
54LS193 
54LS75 
54LS279 
54LS124 
54LS324 
54LS261 
54LS670 
54LS196 
54LS197 
54LS290 
54LS293 
54LS22 
54LS826 
6800 
8080A 


JAN 
/NO. 
31301t 
31302t 
31002 
30007 
31003 
32101 
32102 
30302t 
30204 
30009t 
30501 
30202 
30203 
30201 
30703t 
30704t 
30401 
30402 
30101t 
30102t 
31601t 
30110 
31201 
31101 
30502 
31501t 
31502t 
30603t 
30604t 
30108t 
30109+ 
30103t 
30104t 
30105t 
31401t 
31701t 
31303t 
30701t 
30702t 
30901t 


IC Sockets 
and 
Interconnection Panels 
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IC SOCKETS AND INTERCONNECTION PANELS 


Texas Instruments lines of off-the-shelf interconnection products are designed specifically to meet the performance needs of 
volume commercial applications. They provide both the economy of a standard product line and performance features 
developed after many year’s experience with custom designs. Foremost among these is our ability to selectively bond a 
wrought gold stripe at the contact point. No waste. Reduced cost. Reliable contacts. 


Wrought Gold Contact 

Plate a contact with gold and you get a better contact. More reliable, longer lasting. Increase the gold, you improve the 
contact. But gold is precious, so improved performance has to be costly — right? Wrong. Because now you can get the gold 
only where it is needed — at the point of contact. 


How? With selective metallurgical bonding; a gold stripe inlay. Not porous plating, but durable wrought gold bonded to the 
contact by the same technology used to produce clad coins and thermostat metals. 


Texas Instruments, Attleboro, Massachusetts, is the world’s largest producer of these multimetal systems. We also know our 
way around electronics. The result? A full line of reliable, low cost, interconnection systems featuring an extra measure of 
gold where it’s needed. Premium performance at no premium in price. 


IC Sockets 

Texas Instruments family of IC sockets includes every type and size in common use today, and as wide a choice of contact 
materials as you'll find anywhere. Choose from open or closed entry wire-wrapped* sockets, standard or low profile solder 
tail sockets, cable plugs, and component platforms. Sizes from 8 to 40 pins. 


IC Panels 


To match the industry’s broadest line of IC sockets Ti offers one of the industry’s widest selections of off-the-shelf socket 
panel products. Logic panels. Logic cards. Accessories. Add T1’s custom design capability and wire wrapping for full service. 


Additional information including pricing and delivery quotations may be obtained from your nearest Tl Supply Division 
Sales Office. 


tT Registered trademark of Gardner-Denver 


LOW PROFILE SOCKETS 
SOLDER TAIL 


C-93 SERIES GOLD-CLAD CONTACTS 
C-83 SERIES TIN-PLATED CONTACTS 


Universal mounting and packaging 
Anti-wicking wafer 
Stand-off tabs on base for solder flush 


Redundant contact points for low contact resis- 
tance, high reliability and repetitive insertion 


Closed entry construction 


MATERIAL: 
SOLDER STANDOFF A. Body-glass filled nylon (GFN) 
B. Contact-copper nickel alloy PART NO. SCHEDULE 
C. -Finish-see part number schedule 
NOTES: 


. Sockets Meet requirements of Texas Instruments 
test specification TS-O0005 and test report 
TR-0003 

. Operating temperature —65°C to +150°C 

. Contacts have redundant spring elements 

. Accommodates standard-IC leads up to .024” 
square, rectangular, or .024"’ diameter 

IDENTIFICATION NOTCH . Contact is designed and oriented in the plastic 

FOR PIN NO. | body to generate maximum possible contact 
pressure 

. Socket is designed to achieve maximum density 
on boards 

. Sockets may be mounted end to end on .100” 
centers continuous line or on .400” centers 
row to row 


H. Socket is designed to prevent IC leads from 


BLACK BODY 


NOMEX ANTI-WICKING WAFER 
Pins |C-93 SERIES | C-83 SERIES 
8 


C930810 C830810 
€931410 C831410 
C931610 C831610 
C931810 C831810 
C932010 C832010 
C932210 C832210 
C932410 C832410 
C932810 C832810 
C934010 C934010 


‘ B ry wv 
TOLERANCE |.__.100 contacting P.C. board . 7 
NON-CUMULATIVE TYP. . Closed entry feature provided to facilitate 


automatic IC insertion and protects the IC 
leads against damage 


CONTACT FINISH 
T .350 MAX 
-150 MAX C-93 SERIES: 


100 microinch minimum gold 
stripe inlay 

C-83 SERIES: 
200 microinch minimum bright 
tin plate 


[Jain [ra Pin [6 in [10 Pin | 20 Pin | 
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STANDARD PROFILE SOCKET 
SOLDER TAIL 


C-82 SERIES PLATED CONTACTS e C-92 SERIES GOLD CLAD CONTACTS 


WIRE WRAP 


C-81 SERIES PLATED CONTACTS e C-91 SERIES GOLD CLAD CONTACTS 


Designed for tow cost, reliable, high density production packaging 
Universal mounting and packaging capabilities 

8 to 40 pin lead configurations 

Contacts accommodate .015” through .024” rectangular or round 
dual-in-line leads 


@ Wire wrap posts held to true position of .015” providing a true 
position of .020” on boards for efficient automatic wire wrapping 


WIRE WRAP SOLDER TAIL 


IDENTIFICATION SOLDER 


IDENTIFICATION STANDOFFS 


FOR PIN NO. 1 FOR PIN NO. 1 


. TOL. —~——>|.100 
NON-CUMULATIVE [typ ! NON-CUMULATIVE ITYP 
: ' 


COVER TYPICAL LOCKING COVER TYPICAL LOCKING 
TECHNIQUES USED . TECHNIQUES USED 


Vv 


: PRELOADED CONTACT OPTIONAL 
t c. €. 


1 OH. 


250 


{ : | 
250 ; 
; OPEN ENTRY 2 

ON 


020 OPEN ENTRY 


e 
0 0 ‘Vegan 


XS 
S 
‘ 
y 


MATERIAL: 

A. Body-glass filled . Sockets meet requirements of Texas . Sockets are designed to achieve maximum 
nylon (GFN) Instruments test specification TS-0003 density on boards and may be mounted 

B. Contact-phosphor . and test report TR-0001 400" row to row centers 
bronze per QQ-B-750 . Contacts are replaceable . Closed entry cover is provided to facilitate 
(C-81) copper nickel . Contacts have redundant spring elements automatic insertion and protect IC leads 
alloy (C-91) Cauer 16 removeable against damage 


: Ania Neath ‘es . Contact is designed and oriented in the , peer poke eb Ic pone 
RuMver seneame plastic body to generate maximum : lie ear cara la. 
possible contact pressure . Contact retention — 7 Ibs. min. 


. Operating temperature —65°C to +150°C . Sockets are capable of being automati- 
cally or semiautomatically wire wrapped 


Dimension W (max) 
Dimension X +.005 .300 
Dimension Y +0.10 NA 


| NA | 
[Dimension 2.005 [280 


res 
| Dimension x0.10 | -465_| 
| -400__| 
| -300__ | 
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WIRE WRAP 


OPEN ENTRY | CLOSED ENTRY 


Contact Black 
Finish Body Cover 
C810854 C810804 
C811454 C811404 
C811654 C811604 
C811854 C811804 
C812054 C812004 
C812454 C812404 
C812854 C812804 
C813604 
C814004 
C910800 
C911400 


PART 
NUMBER 
SCHEDULE 


Series 
C-81 
200-400 
microinch 


min tin 


per 
MIL-T-10727 


C910850 
C911450 


Series 


C-91 


C911650 
C911450 
C912050 
C912450 
C912850 


C911600 
C911400 
C911800 
C912000 
C912800 
C913600 
C914000 


50 microinch 


min 


gold stripe 


inlay 


SOLDER TAIL 


fe OPEN ENTRY | CLOSED ENTRY 


ale 


PART 
NUMBER 
SCHEDULE 


Contact Black Black 
Finish Body Cover 
C820850 C820800 


mes C821450 C821400 
C-82 

30 microinch C821650 C821600 
min gold per C821850 C821800 
MIL-G-45204 


C822450 
C822850 


C822400 
C822800 
C823600 
C824000 
C820802 
C821402 
C821602 
C821802 
C822402 
C822802 
C823602 
C824002 
C820804 
C821404 
C821604 


over 

50 microinch 
min nickel per 
QQ-N-290 


C820852 
C821452 
C821652 
C821852 
C822452 
C822852 


Series 
C-82 
50 microinch 
min gold per 
MIL-G-45204 
over 

100 microinch 
min nickel per 
QQ-N-290 


C820854 
C821454 
C821654 


Series 


C-82 


200-400 C821854 C821604 
microinch 

min tin per C822454 C822404 
MIL-T-10727 C822854 C822804 


C823604 
C824004 
C920800 
C921400 
C921600 
C921800 
C922400 
C922800 
C923600 
C924000 


C920850 
C921450 
C921650 


Series 
C-92 


100-microinch C921850 
min 


inlay C922850 
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SOCKET PANELS 


STANDARD 


D4 SERIES 


@ 180 position panel or multiples of 
30 position with 14 or 16 position 
socket pattern 

@ 1/0 — 4rows with 13 pins per row 
or 3 - 14 pin sockets 

@ Low cost standard hardware 

@ Available in 98 standard series 

@ Off-the-shelf availability 


16.175 (180 PATTERN) P/C BOARD MATERIAL 


1/8 thick Glass Epoxy, 2 oz. 
15.800 Copper Circuitry both sides, 
aon Tin Plated 


10.400 


“| .290 MAX. 
125 
125 DIA. THRU HOLE z 


6.500 
(GRP 1. th Hh) 
7.190 
(GRP iV) 


6.875 
(GRP EH WH) 


7.475 
(GRP IV} 


© Ben % Yong ® Yon ® Moe 


2.675 on 400 IC 
(30 PATTERN) .250 SEATING 
5.375 (60 PATTERN) 125 DIA. THRU PLANE 
HOLE FOR GNO 
8.075 (90 PATTERN) PLANE CONNECTION 


10.775 (120 PATTERN) TYP. 6 PLACES (COMPONENT SIGE) 


13.475 (150 PATTE .125 DIA. THRU HOLE FOR VCC PLANE 
AN) CONNECTION TYP. 6 PLACES (WRAP SIDE) 
NOTE: Dimensions shown are nominal. Detail! information and 
tolerances available on request (indicate series and group number). 


STANDARD SOCKETS C-81 SERIES SOCKETS C-91 SERIES SOCKETS 

C-81 or C-91 series, 14 pin Glass filled nylon Glass filled nylon 
or 16 pin, closed entry Phosphor bronze per QQ-B-750 Contact .... Copper nickel alloy 
sockets as designated in 30 microinch min. gold per Finish 50 microinch min. 


the Part No. Schedule at MIL-G-45204 over gold stripe inlay 


right. See pages 7 and 8 50 microinch min. nicket per 
for complete socket QQ-N-290 


information. 
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STANDARD PANEL PART NO. SCHEDULE —D4 Series 


Group If 


. Group tit 


14 Pin 


.. VCC 


G 
1 
2 
3 
4 
§ 
6 
7 


@eanwewnwe woh = 


enwrewnweawn-—O 


GRD 


1/0 Option 
FEED-THRU 
PINS 
FEED-THRU 
PINS 
FEED-THRU 
PINS 
FEED-THRU 
PINS 


D411211 
D411212 
D411213 
0411214 
D411215 
D411216 


0411411 
D411412 
D411413 
D411414 
0411415 
0411416 


0434211 
D434212 
0434213 
D434214 
D434215 
D434216 


0434411 
0434412 
D434413 
0434414 
D434415 
D434416 


0423211 
0423212 
D423213 
D423214 
0423215 
0423216 


D423411 
D423412 
0423413 
0423414 
0423415 
D423416 


(D444211 


0444212 
D444213 
D444214 
0444215 
0444216 


0411231 
D411232 
D411233 
D411234 
D411235 
D411236 


D411431 
0411432 
D411433 
0411434 
D411435 
0411436 


D434231 
D434232 
D434233 
D434234 
0434235 
0434236 


0434431 
D434432 
D434433 
D434434 
0434435 


0434436. 


D423231 
D423232 
D423233 
D423234 
D423235 
423236 


D423431 
D423432 
D423433 
D423434 
0423435 
0423436 


D444231 
D444232 
0444233 
D444234 
0444235 
D444236 
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SOCKET CARDS 
STANDARD 


DO2 SERIES 


@ Low Cost 

@ 14-16 pin socket pattern — 
60 position 

@ Standard ground and power pin 
commitment 

@ 8 standard designs 


@ Mates with dual 60 position edge 
connector 


DO2 Series 
STANDARD CARD PART NO. SCHEDULE 


Board C-81 Cc-91 
Thk. Sockets Sockets 


Group! = 14 Pin 

PIN 14.... VCC 2 

PIN]. GRD. | 1/18" | 022110 | Do2z2130 
Gm 


P/C BOARD MATERIAL 
1/16 and 1/8 thick Glass Epoxy, 2 oz. Copper Circuitry both sides, Tin Plated 


6.185 
(1/8"") 


6.08 
{1/16} 


7 3 (1/8") 
7.718 (1/16) 


128 THRU HOLE POLARIZATION 
TYP 4 PLACES NOTCH 


~enevun-o 


NOTE: Dimensions shown are nominal. Detail information and tolerances 
available on request (indicate series and group number). 


or ono one 
= fee 


DO Series 
MULTIPURPOSE 
CARD PART NO. 
ADAPTER SCHEDULE 


Part no. 2501300 


EJECTOR KEYS 


Material: Nylon 
Part no. 2501200 (1/8’’) 
2501201 (1/16"’) 


& The Linear Control Data Book & 


